Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


The  Branner  Geological  Library 


UELAM'SmOTOro-JVMOR'^'KI^'jiKi'iTr 


C^m^y 


Oa'- 


(\  C_  frra-^y^^r^'^^ 


IOWA 


GEOLOGICAL  SURVEY 


VOLUME   VI, 


REPORT  ON  LEAD,  ZINC,  ARTESIAN  WELLS,   ETC. 


SAMUEL   CALVIN,  A.   M  .   Ph.   D.,  Stale  Geologist. 
A.  G.   LEONARD,} 


DK,S  MOTXKS: 

['UDLISURD  FOR  THE    tOWA  Gl^LOGlCAL  SlTRVEY. 


DES  MOINES: 

F.   R.  CONAWAY,  STATE  PRINTER. 
1897 


208590 


I   « 


T 


•  • 


4  • 


« 


•    •         -•-       • 


•  •• 

»         •      •     • 

•        •  • 


Geological  board. 


His  Excellency,  F.  M-  Drake,  -  Governor  of  Iowa 
Hon.  C.  G.  McCarthy,  -  -  -  Auditor  of  State 
Dr.  Chas.  a.  Schaeffer,  Pres't  State  University  of  Iowa 
Dr.  Wm.  M.  Beardshear,  Pres't  Iowa  Agri'l  College 
Dr.  T.  Proctor  Hall,  Pres't  Iowa  Academy  of  Sciences 


Geological  corps. 


Samuel  Calvin State  Oeolocjist 

A.  G.  Leonard,  H.  F.  Bain Assistant  State  Geouxhsts 

W.  H.Norton Special  Assistant 

In  charge  of  Artesian  Welh, 

S.  W.  Beyer Special  Assistant 

In  Areal  Work. 

J.  L.  TiLTON Special  Assistant 

In  Areal  Work, 
Nellie  E.  Newman Secretary- 


Contents. 


PAOK. 

Memhers  OF  Gkoi.,ocjical  Hoard  , 3 

GEOLOciiCAL  Corps 4 

Table  op  Contents 5 

List  OF  Illustrations 6 

Letter  of  Transmittal 8 

Lead  and  Zin(j  Deposits  of  Iowa— 

My  A.  G.  L«^oTiard 11 

The  Sioux  (Juart/.ite  and  Certain  Associated  Hocks 

ByS.  W.Beyer  ._ 67 

Artesian  Wells  of  Iowa  — 

ByW.  H.  Norton  113 

Relations  of  the  Wisconsin  and  Kansan  Drift  Sheets  in  Central 
Iowa,  and  Helated  Phenomena  — 

By  H.  Foster  Bain 429 

Index. 477 


List  of  Illustrations 


PLATSS. 
1. 

11. 

•    ■    • 

HI. 

iv. 

V. 

vi. 

•  • 

VI  I. 

•  •  ■ 

Vlll. 

ix. 

X. 

xi. 
xii. 

•  •  • 

Xlll. 

xiv. 

XV. 

xvi. 

xvii. 

xviii. 

xix. 

XX. 

xxi. 
xxii. 

xxiii. 
xxiv. 

XXV. 

XX  vi. 

xxvii. 

xxviii. 


Water's  Lead  Furnace  near  Du])uque. 

Tyi)ical  Crevice  Area  near  Dubuque. 

Sketch  Map  of  the  Quartzite  Region 

Map  of  the  Diabase  Area  near  Carson,  S.  D. 

Geological  Map  of  Iowa. 

(General  Geological  Section  of  Iowa 

Principal  Collecting  Area  of  the  Saint  Croix  and  Saint  IVtcr  Sandstones. 

Map  of  the  Artesian  Wells  of  Iowa,  excluding  those  in  (Glacial  Drift, 

with  Isopiestic  Lines. 
Geological  Section  from  McGregor  to  Fairview. 
Geological  Section  from  Mason  City  to  Freelwrn,  Minn. 
Geological  Section  from  Dubuque  to  Sioux  City. 
Manchester  Well  liecord. 
Ackley  Well  Record. 

(Geological  Section  from  Clinton  to  Dunlap. 
Cedar  Rapids  Well  Record. 
Geological  Section  from  Manchester  to  Tipton. 
Geological  Section  from  DaveniK)rt  to  Dcs  Moines. 
(Geological  Section  from  Manchester  to  (4rinnell. 
(Geological  Section  from  Mason  City  to  CGrinnell. 
Des  Moines  Well  Record. 

(Geological  Section  from  Des  Moines  to  Washington. 
Map  Showing  the  Elevation  Relative  to  Sea  Level  of  the  Summit  of  the 

Saint  Peter  Sandstone. 
Centerville  Well  Record. 
Rig  of  Dickson  Bros.,  Luana,  Iowa. 
McGregor  Artesian  Well. 
M  ap  of  Region  Discussed 

Map  of  the  Southern  End  of  the  Des  Moines  Lobe 
Preliminary  Map  of  the  Drift  Sheets  of  Iowa 


FIGURBB. 

1.  Crevices  Followed  in  Prospecting  for  Lead  South  of  Dubuque. 

2.  Section  Through  Kemling's  Spar  Cave. 

3.  Satin  Spar  from  Lindin's  Cave,  South  of  Dubuque 

4.  Group  of  Stalactites  from  Kemling's  Cave,  South  of  Dubuque 

5.  Specimen  Showing  Band  of  Pearly  Argentine  in  Transparent  Calclte,  Kem- 

ling*8  Cave 

6.  Crevice  Opening  in  Mine  of  Dubuque  Zinc  and  Lead  Mining  Company. 

7.  Open  Crevice  Extending  up  Through  Cap  Rock,  Mine  of  Dubuque  Zinc  and 

Lead  Mining  Company. 

8.  Crevice  with  Three  Openings. 

9.  Crevice  Opening  with  Chimneys. 

10.  Occurrence  of  Lead  in  Vertical  Sheet. 

11.  Lead  and  Zinc  Region  of  Dubuque  County. 


LIST    OF   ILLUSTRATIONS.  7 

FIUUBSS. 

12.  SkeU?h  Showiiif^  IxHiation  of  Duran«j^o  Mine*. 

13.  Open  Cut  at  Duranj^o  Zinc  Mine 

14.  Cleaoing  Ore  from  Duranjro  Zim;  Mine. 

15  MeCrOwen  Crevice,  Showing  C'ap  Uock  Oi)ening. 

16.  Lead  and  Zinc  Mines  of  Clayton  County. 

17.  Lead  and  Zinc  M  ines  of  Allamakee  County. 

18.  Crevice  and  Shafts  at  Lansing  Load  Mine. 

19.  Lead  in  Vertical  Crevice,  Lansing  Lead  Mine. 

20.  Canyon  on  Split  J^ock  Creek  at  the  Palisades. 

21.  Vertical  Cliffs  of  Quartzite  at  the  Palisades. 

22.  .rasper  Pool,  near  the  Northwestern  C'orner  of  Lyon  County,  Iowa. 

23.  Cross-bedding  in  the  Quartzite  at  Sioux  Falls. 

24.  Diabase  Ledge  at  Risty's. 

25.  Secondary  Twinning  in  Feldspar  Due  to  Mechanical  Deformation. 

26.  Augite  Twin  According  to  oc  r*  ao  • 

27.  Crushed  Quartz  Grain  in  Slate  from  the  Palisiides. 

28.  Spotted  Slates  Near  Carson,  S  D. 

29.  Synclinal  Artesian  Basin. 

30.  Preventi(m  of  Terminal  P>«cape  by  Thinning  Out  of  Aquifer. 

31.  Progressive  Change  in  Texture  of  Aquifer. 

32.  Artesian  Basin  of  Lacustrine  Formation. 

33  P^stuarian  Artesian  Basin.     Section  Across  the  Thames  Basin. 

34.  Monoclinal  Artesian  Area  of  Southeastern  New  .Jersey. 

35.  (Geological  section  from  liaral)00,  Wis.,  to  Des  Moines  Iowa. 

36.  Circulation  of  Water. 

37.  Lake  Fed  by  Sublacustrine  Springs 

38.  Relation  of  Dip  to  Area  of  ()ut<*rop. 

39.  Algonkian  Floor. 

40.  Reservoir  at  Clinton,  Iowa,  Fed  by  Artesian  Wells. 

41.  Corroded  Casing  from  Cedar  Rapids  Well. 

42.  Fountain  at  Kagle  (^rove,  Iowa.  Supplied  by  Artesian  Well  in  Clacial  Drift. 

43.  Artesian  W^ell  in  (ilacial  Drift,  Belle  Plainc,  Iowa 

44.  Derrick  Tower  of  J.  1*.  Miller  tS:  Co.,  at  ilolstein,  Iowa. 

45.  Pond  on  Wisconsin  Drift  at  South  Knd  of  Kann*  Near  Kelsey. 

46.  Kame  Near  Kelsey. 

47.  Erosion  Curves,  Case  I . 

48.  ErosioD  Curves,  Case  II. 

49.  Erosion  Curves,  Case  Til. 

50.  Erosion  Curves,  Case  IV. 

51.  Erosion  Curves,  Case  V. 

52.  Erosion  Curves,  Case  VI. 

53.  Erosion  Curves,  Case  VII. 

54.  Erosion  Curves,  Case  V^III. 
65.  Cross-section  of  Camp  Creek. 

56.  Sketch  Illustrating  the  History  of  Camj)  Creek. 

57.  Actual  Section  Across  Valley  of  Camp  Creek. 


LETTER  OF  Transmittal 


Iowa  Geological  Survey,  ) 

Des  Moines,  Iowa,  December  31,  1897.  f 

To  Govenu)r  Drake  and  Members  of  the  Geological  Board: 

Gentlemen — I  have  the  honor  herewith  to  transmit  the  last 
of  the  manuscript  for  volume  VI  of  the  Iowa  Geological 
Reports.  In  this  volume  are  gathered  a  number  of  separate 
papers  of  general  economic  interest.  Its  publication  was 
authorized  early  in  1896,  in  order  that  the  memoir  of  Prof.  A. 
G.  Leonard,  on  the  ''Lead  and  Zinc  Deposits  of  Iowa,"  and  that 
of  Dr.  S.  W.  Beyer,  on  the  "Sioux  Quartzite  and  Certain  Asso- 
ciated Rocks, "  might  be  placed  in  the  hands  of  persons  to  whom 
they  would  be  of  service  at  as  early  a  date  as  possible. 
Accordingly  these  memoirs  were  printed,  and  a  sufficient 
number  of  copies  were  distributed  to  meet  the  most  pressing 
demands.  Professor  Norton's  memoir,  on  the  "Artesian  Wells 
of  Iowa,"  which,  it  was  believed  would  soon  be  ready  for  pub- 
lication, has  been  purposely  delayed,  owing  to  the  desire  to 
incorporate  data  from  certain  important  borings  which  have 
only  recently  been  finished.  The  delay  has  made  it  possible 
to  add  to  the  completeness  and  value  of  the  memoir  in  other 
important  respects.  It  is  now  presented  as  a  very  complete 
statement  of  the  accessible  facts  relating  to  the  subjects  of 
which  it  treats,  to  present  date,  and  it  is  confidently  believed 
that  it  will  be  welcomed  by  the  public  as  a  worthy  contribu- 
tion to  the  economic  geology  of  the  state. 

The  paper  of  Mr.  H.  F.  Bain,  on  '  'The  Relations  of  the  Wis- 
consin and  Kansan  Drifts  in  Central  Iowa,"  is  a  summary  of 
some  of  the  most  recent  work  of  the  Survey  in  a  very .  inter- 
esting field.  The  importance  of  these  results  seem  to  warrant 
their  publication  in  a  more  general  form  than  the  limits  of  a 
county  report  will  allow. 

The  first  two  papers  of  this  volume  were  published  under 
the  supervision  of  Mr.  H.  F.  Bain,  as  assistant  state  geologist, 
but  Mr.  Bain  being  now  absent  on  leave  for  one  year,  the  pub- 
lication of  the  remaining  portions  of  the  volume  will  be  super- 
vised by  Prof.  A.  G.  Leonard,  who  is  acting  during  Mr.  Bain's 
absence.     I  have  the  honor  to  remain,  gentlemen. 

Yours  verj^  respectfully, 

Samuel  Calvin, 

Stilts  Geologist. 
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CHIEF  SOURCES  OP  THE  WORLD'S  SUPPLY  OP  LEAD 

AND  ZINC. 

Lead  and  zinc  are  widely  distributed  over  the  globe,  nearly 
every  inhabited  country  producing  both  in  greater  or  less 
quantity.  A  complete  list  of  all  the  countries  where  these 
are  found  would,  therefore,  be  a  long  one.  In  the  following 
summary  the  attempt  has  been  made  to  mention  only  the 
more  productive  regions;  those  containing  extensive  deposits 
of  lead  an(J  zinc.  The  facts  have  been  recently  collected  by 
Winslow  in  his  late  report  on  the  Missouri  deposits.* 

German  Empire. — The  zinc  ore  production  of  Germany  dur- 
ing the  past  ten  years  has  varied  from  one-half  to  three- 
fourths  of  the  production  of  all  Europe,  averaging  800,000 
tons  annually.  The  lead  output  has  not  been  so  large.  The 
great  zinc  producing  region  of  Germany  is  Upper  Silesia, 
which  has  yielded  nearly  three-fourths  of  the  total  amount. 
Next  in  order  of  importance  are  the  Rhine  provinces,  West- 
phalia and  Nassau.  In  lead  production  the  Rhine  provinces 
rank  first,  and  then  come  Harz,  Silesia,  Saxony  and  Nassau. 

Spain. — This  country  ranks  far  ahead  of  any  other  in 
Europe  in  the  production  of  lead,  and  is  third  during  recent 
years  in  the  output  of  zinc.  The  principal  lead  ore  deposits 
are  at  Linares  and  Cartagena;  the  zinc  ores  are  chiefly  from 
Santander.  With  the  possible  exception  of  the  Broken  Hill 
mine  in  New  South  Wales,  the  Linares  mines  rank  first  in  the 
world  as  lead  producers.     In  1892  they  yielded  128,000  tons. 

Austria. — Both  lead  and  zinc  are  here  mined  in  large 
quantities. 

Belgium. — The  principal  deposits  are  the  Bleiberg  lead 
mines  and  the  Vieille  Montague  zinc  mines. 

Great  Britmn. — The  most  important  deposits  are  in  the 
north  of  England  lead  district,  which  includes  the  counties 
of  Durham,  Northumberland,  Cumberland,  Westmoreland 
and  Yorkshire. 

Greece. — The  chief  mines  are  those  of  Laurium. 


^Missouri  Geol.  Surv.,  vols.  VI  and  VII.    Jefferson  Olty.  1894. 
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Italy. — This  country  is  an  important  zinc  producer,  and  the 
yield  of  lead  is  large.  The  great  bulk  of  the  ore  comes  from 
Sardinia. 

Rumia^  France  and  Sweden  should  also  be  mentioned  as 
producing  considerable  quantities  of  lead  and  zinc. 

Neio  South  Wales. — The  Broken  Hill  mines  are  at  present 
the  largest  producers  of  lead  in  the  world.  They  were  dis- 
covered in  18&3,  and  in  1890  yielded  222,000  tons  of  ore. 

United  States. — The  ores  of  lead  and  zinc  occur  to  a  greater 
or  less  extent  in  nearly  every  state;  but  in  only  a  dozen  or 
fifteen  is  lead  produced  in  large  amounts,  and  not  more  than 
eight  rank  as  zinc  producers.  A  large  proportion  of  the  lead 
comes  from  the  Rocky  Mountain  and  Great  Basin  regions. 
During  the  last  twenty  years  over  three-fourths  of  the  total 
lead  production  of  the  country  has  been  supplied  from  the 
western  states  and  territories.  These  ores  are  argentiferous, 
and, are  mined  not  so  much  for  their  lead  as  for  the  gold  and 
silver  they  contain.  The  following  is  a  list  0i  states  that 
rank  as  lead  producers:  Colorado,  Missouri,  New  Mexico, 
Utah,  Nevada,  Arizona,  California,  Idaho,  Montana,  Wiscon- 
sin and  Kansas.  Colorado  leads  in  the  output  of  lead,  and  is 
closely  followed  by  Missouri.  Illinois  and  Iowa  produce 
small  quantities. 

The  zinc  producing  states  are  Missouri,  New  Jersey,  Wis- 
consin, Kansas,  Illinois  and  Iowa.  Missouri  stands  far  ahead 
of  any  of  the  rest,  showing  a  product  of  108,000  tons  for  1893. 
Iowa's  production  of  zinc  has  rapidly  increased  of  late  years 
while  its  lead  output  has  decreased.  In  bulletin  80  of  the 
eleventh  census,  Iowa  is  credited  with  the  production  of  450 
tons  of  zinc  during  1889  whereas  in  the  previous  report  no 
mention  of  the  zinc  output  was  made. 

HISTORY   OP   LEAD   AND   ZINC   MINING  IN  IOWA. 

It  is  now  nearly  two  hundred  years  since  the  white  man 
discovered  lead  in  the  Upper  Mississippi  region.  In  1700  the 
French  explorer  Le  Sueur  made  an  expedition  up  the  great 
river  from  New  Orleans  in  search  of  ores.     He  ascended  as 
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far  as  the  Saint  Peters  river,  now  the  Minnesota,  and  it  is 
generally  supposed,  observed  lead  at  several  points  along  the 
"Father  of  Waters."  It  is  interesting  to  note  that  as  long 
ago  as  1752  the  lead  region  of  the  Upper  Mississippi  was 
located  on  a  map  published  during  that  year  by  Philippe 
Bauehe.*  The  mines  are  also  mentioned  briefly  in  an  article 
by  M.  Guettard  in  the  same  volume,  pp.  189-220,  where  they 
are  described  as  being  very  rich. 

In  1788  the  first  mining  was  done  within  the  territory  of 
what  is  now  the  state  of  Iowa.  In  that  year  Julien  Dubuque, 
a  native  of  Canada,  obtained  from  the  Sacs  and  Foxes  a  grant 
or  lease  of  land  for  mining  purposes.  His  claim  included 
seven  leagues  on  the  west  bank  of  the  Mississippi,  from  the 
mouth  of  the  Little  Maquoketa  to  the  Tete  des  Morts  and 
three  leagues  deep.  The  area  includes  most  of  the  productive 
crevices  of  Dubuque  county.  Lead  is  reported  to  have  been 
discovered  here  seven  years  previously  by  the  wife  of  Peosa 
Fox.  Dubuque  at  once  took  possession  of  his  claim  and  began 
mining  operations.  The  place  became  known  as  "Spanish 
Mines"  or  more  commonly  as  Dubuque's  Lead  mines.  In  1796 
he  petitioned  Carondelet,  the  Spanish  governor  of  Louisiana, 
that  the  tract  be  granted  him  by  patent  from  the  Spanish 
government.  His  request  was  allowed  and  was  subsequently 
confirmed  by  the  board  of  land  commissioners  of  Louisiana. 
Dubuque  continued  to  develop  his  prospects  until  his  death 
in  1810. 

It  was  twenty  years  later  however,  before  the  mines  of  the 
state  began  to  be  actively  developed.  During  1830  several 
miners  from  Galena,  influenced  by  the  reports  they  had  heard' 
of  the  Dubuque  region,  crossed  the  river  and  obtaining  the 
consent  of  the  Indians  commenced  work  where  the  city  now 
stands.  One  of  the  first  to  be  opened  was  the  Langworthy 
crevice  on  Eagle  Point  avenue. 

But  the  land  on  the  west  of  the  Mississippi,  though  it  had 
come  under  the  control  of  the  United  States  by  the  Louisiana 

*Histoire  le  L'  Academle  Boyale  des  Sciences.    17S2. 
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purchase  still  belonged  to  the  Indians,  and  the  government, 
to  keep  the  treaty  with  them  soon  ordered  the  miners  to 
leave  and  subsequently  sent  troops  from  Prairie  du  Chien  to 
enforce  the  order. 

Two  years  later,  at  the  close  of  the  Black  Hawk  war,  the 
large  tract  known  as  the  Black  Hawk  purchase,  including  one- 
third  of  the  present  area  of  Iowa,  was  ceded  to  the  United 
States  by  the  Sacs  and  Foxes.  After  the  completion  of  the 
treaty  negotiations  the  miners  again  crossed  over  into  the 
much  coveted  region  where  they  built  cabins  and  commenced 
to  take  out  much  ore.  But  a  second  time  they  were  forced 
to  leave  because  the  treaty  had  not  been  ratified.  In  June, 
1833,  the  treaty  went  into  effect  and  the  way  was  at  length 
clear  for  settlers  to  take  possession  of  the  land.  During  the 
next  few  years  large  numbers  flocked  in,  prospecting  was 
actively  carried  on  and  many  mines  were  soon  in  operation. 

A  superintendent  of  mines  was  appointed  by  the  govern- 
ment and  a  system  of  permits  to  miners  and  smelters  was 
adopted.  For  some  years  the  smelters  were  required  to  pay 
6  per  cent  of  all  the  lead  produced.  This  tax  was  the  cause 
of  much  dissatisfaction  and  was  abolished  at  the  end  of  ten 
years. 

The  first  "legislation"  in  Iowa  dates  from  1830.  In 
June  of  that  year  a  number  of  miners  met  on  the  banks  of  the 
Mississippi  and  enacted  regulations  to  govern  them  in  their 
relations  to  each  other.  One  of  the  articles  was  that  ''every 
man  shall  hold  200  yards  square  of  ground  by  working  said 
ground  one  day  in  six."  The  most  productive  period  of  the 
Dubuque  mines  was  probably  during  the  years  1835  to  1849. 
No  record  was  kept  of  the  amount  produced  nor  can  this 
now  be  accurately  ascertained.  Owen*  gives  the  output  for 
1839  as  over  3,000,000  pounds.  In  1854  8,770,000  pounds  of 
lead  were  exported  from  Dubuque. 

Furnaces  were  early  established  for  smelting  purposes. 
The  first  contrivance  employed  was  the  primitive  one  of  the 

*Ex.  Doc..  1st  Sess.,  28  Cong.,  vol  VI,  39-40. 
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Indians,  though  on  a  larger  scale.  A  foundation  or  platform 
of  rock  was  built  about  fifteen  feet  square,  the  cracks  between 
the  stones  being  carefully  filled,  and  the  platform  made  to 
slope  towards  the  center.  A  layer  of  logs  was  placed  on  the 
rude  hearth  thus  constructed,  then  a  layer  of  ore  and  so  on 
alternately  until  there  was  enough  for  the  blast.  The  wood 
was  then  fired  and  the  pile  allowed  to  burn  down.  The  metal 
as  it  melted  sought  the  lower  part  of  the  platform,  where  it 
was  drawn  off  from  time  to  time.  This  process  was  very 
wasteful,  as  besides  consuming  great  quantities  of  timber  it 
secured  less  than  50  per  cent  of  the  lead.  The  rich  slag  thus 
left  behind  was  eagerly  sought  in  later  years. 

The  next  method  of  smelting  emploj^ed  was  what  is  known 
as  the  cupola  furnace,  a  great  improvement  over  the  former 
system,  since  by  its  use  65  to  70  per  cent  of  the  lead  was 
obtained.  In  1834  Peter  Lorimier  built  one  of  these  furnaces 
at  the  mouth  of  Catfish  creek,  this  being  the  first  of  the  kind 
in  the  state.  The  next  year  two  others  were  constructed, 
one  on  the  Little  Maquoketa  and  another  in  the  city  of 
Dubuque.  But  it  still  remained  true  that  quite  a  large  per  cent 
of  mineral  was  not  extracted  and  this  loss  brought  about  the 
adoption  of  the  hearth  furnace.  The  first  one  of  these  erected 
in  America  for  smelting  lead  ore  was  built  in  Wisconsin  in 
1835  about  midway  between  Dubuque  and  Mineral  Point. 
The  second  in  the  country,  and  the  first  in  Iowa,  was  located 
on  Catfish  creek  just  above  Rockdale  in  Dubuque  county. 
This  furnace,  which  has  played  an  important  part  in  the  min- 
ing industry  of  the  state,  has  been  in  operation  more  or  less 
since  its  establishment  and  it  is  still  running.      [See  plate  i.] 

With  the  hearth  furnace  practically  all  of  the  lead  is 
extracted  from  the  ore  and  hence  it  is  so  much  superior  to 
the  earlier  processes  employed  that  it  soon  replaced  them. 
There  were  several  of  these  furnaces  in  the  vicinity  of 
Dubuque.  Besides  the  one  already  mentioned,  maybe  named 
Mr.  Brunskill's,  on  Catfish  creek  near  Center  Grove,  and 
Nathan  Simpson's,  not  far  northeast  of  Dubuque. 
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It  was  not  until  1860  that  zinc  came  into  the  market  and 
since  then  the  production  of  this  kindred  metal  has  rapidly 
increased.  During  the  ten  years  previous  to  1882  the  output 
of  zinc  more  than  doubled  that  of  lead,  while  in  1889,  accord- 
ing to  the  last  federal  census,  the  production  was  13  to  1  for 
the  entire  region. 

The  principal  ore  of  zinc  now  shipped  from  the  Iowa  mines 
is  the  carbonate,  or  "dry  bone"  of  the  miners.  Until  some 
thirteen  years  ago  this  material  was  regarded  as  worthless 
and  was  thrown  away  on  the  dump  piles,  or  the  workings 
were  abandoned  when  it  appeared. 

In  the  fall  of  1880  two  wagon  loads  were  taken  to  Benton, 
Wisconsin,  and  sold  for  $16  a  ton.  So  far  as  known,  this  was 
the  first  zinc  ore  marketed  from  the  mines  of  the  state,  and 
from  this  time  on  the  carbonate  has  been  removed  in  rapidly 
increasing  amounts.  The  first  mine  to  be  worked  for  zinc 
was  the  McNulty  (often  called  the  Avenue  Top)  at  the  head 
of  Julien  avenue,  Dubuque.  This  had  previously  been 
operated  for  lead  and  §25,000  worth  is  said  to  have  been 
taken  from  it.  The  galena  gave  out  in  the  crevices  and  a 
short  distance  beyond  the  zinc  carbonate  began  to  appear. 
It  is  estimated  that  this  mine  has  yielded  not  less  than  $50,000 
worth  of  zinc.  After  the  sale  of  the  first  dry  bone  many 
began  at  once  to  search  for  it,  and  numerous  mines  were  soon 
being  operated.  Old  lead  diggings  that  had  been  abandoned 
when  the  associated  metal  began  to  appear,  were  again 
opened  up  and  worked. 

UPPER  MISSISSIPPI   LEAD  AND  ZINC  REGION. 

The  lead  and  zinc  region  of  the  Upper  Mississippi  includes 
an  area  having  a  length  east  and  west  of  ninety-six  miles  and 
a  width  north  and  south  of  fifty  miles.  It  embraces  the 
southwest  portion  of  Wisconsin,  the  northwest  corner  of 
Illinois  and  the  adjoining  portion  of  Iowa,  comprising  within 
its  limits  some  3,000  square  miles,  an  area  nearly  equal  to 
that  of  Connecticut.     The  entire  region  is  included  in  what  is 
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known  as  the  driftless  area.  On  all  sides  are  found  the 
deposits  of  clay,  sand,  pebbles  and  boulders  left  by  the 
ancient  ice  sheet,  but  the  district  under  consideration  is  free 
from  glacial  deposits  of  any  kind;  its  topography  forms, 
therefore,  a  sharp  contrast  with  that  of  the  drift-covered 
area  on  every  side. 

The  soils  are  made  up  of  the  residue  left  from  the  decay 
and  solution  of  the  surface  rocks  with  a  thin  covering  of 
loess  over  a  considerable  portion  of  the  area.  Over  most  of 
the  region  the  Galena  limestone  forms  the  country  rock,  and 
in  it  most  of  the  ore  deposits  occur.  Overlying  the  limestone 
are  the  soft  and  easily  decomposed  Maquoketa  shales,  which 
have  been  largely  removed  by  erosion.  Perhaps  the  most 
conspicuous  features  in  the  topography  of  the  district  are 
the  so-called  "mounds,"  isolated,  more  or  less  conical  and 
flat-topped  hills  rising  from  several  hundred  feet  to  500  feet 
above  the  surrounding  country.  These  elevations  are  com- 
monly capped  by  Niagara  limestone  and  are  the  outliers  of 
the  formation  that  have  been  left  by  the  wearing  away  of  the 
other  portions.  They  furnish  an  index  of  the  work  accom- 
plished by  the  denuding  agencies  that  have  been  acting  since 
the  elevation  of  the  land  surface  above  the  sea.  Several  of 
these  marked  objects  in  the  landscape  are  found  in  Dubuque 
county,  among  which  Sherrill  Mound  and  Table  Mound  are 
well  known  examples.  The  former  rises  600  and  the  latter 
472  feet  above  the  Mississippi.  Sinsinawa  Mound  in  Wiscon- 
sin is  another  conspicuous  example. 

Before  beginning  the  description  of  the  ore  deposits  a  brief 
account  of  the  formations  occurring  in  the  district  may  be 
given. 

The  strata  all  have  a  gentle  dip  to  the  southwest  so  that  in 
ascending  the  Mississippi  the  lower  members  of  the  series 
are  successively  met  with.  For  example,  at  Dubuque  the 
Trenton  limestone  is  only  a  few  feet  above  the  level  of  the 
river  but  followed  northward  it  is  se^n  gradually  to  raise 
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until  a  few  miles  above  Guttenberg  the  underlying  Saint 
Peter  sandstone  makes  its  appearance  above  water  level. 

Saint  Croix  or  Camhriitn  Sandstone. — This  sandstone  is  the 
lowest  of  the  formations  which  appear  in  the  lead  and  zinc 
region.  It  is  found  along  the  streams  in  the  northeastern 
corner  of  the  state,  where  it  is  exposed  in  the  bluffs  of  the 
Mississippi,  the  Oneota  and  their  tributaries.  The  rock  is  for 
the  most  part  a  very  pure  sandstone,  made  up  of  rather 
coarse,  rounded  and  transparant  grains  of  silica.  In  some 
portions  these  are  loosely  held  together  by  a  calcareous  or 
ferruginous  cement  and  the  rock  is  more  or  less  indurated; 
in  other  portions  the  formation  is  merely  an  unconsolidated 
sand  bed.  The  ledges  often  present  a  hard  exterior  but  on 
removing  the  outer  crust  the  material  crumbles  at  the  slight- 
est touch.  Occasional  bands  of  calcareous  and  argillaceous 
material  appear  at  certain  horizons,  especially  in  the  upper 
200  feet.  At  Lansing  fully  300  feet  of  Saint  Croix  are  exposed 
in  the  bluflfs;  and  this  is  capped  by  100  feet  of  the  Oneota 
limestone.  This  sandstone  was  formerly  quarried  at  the 
above  menticmed  locality,  but  it  furnishes  an  inferior  quality 
of  building  stone.  Where  exposed  in  the  old  quarry  the  rock 
is  a  thin-bedded  arenaceous  limestone  with  shal^'-  bands  in 
the  lower  portion. 

Oneota  Limestone. — The  Saint  Croix  passes  above  into  the 
Oneota  limestone.  There  are  twenty-five  to  thirty  feet  of 
alternating  beds  of  limestone  and  sandstone  at  the  contact  of 
the  two  formations,  the  one  rock  thus  passing  gradually 
into  the  other  without  any  sharp  line  of  demarcation.  The 
limestone  is  mostly  a  coarsely  granular  magnesian  rock  con- 
taining numerous  small  cavities.  Some  portions  contain  an 
abundance  of  siliceous  matter  in  the  form  of  chert.  Liirge 
beds  of  this  material  occur  where  the  limestone  has  been  dis- 
solved leaving  behind  the  hard  and  insoluble  quartz.  The 
rock  ranges  in  color  from  a  very  light  buff  to  gray.  A  good 
section  of  the  Oneota  is  exhibited  in  a  quarry  one  mile  north 
of  Lansing  where  nearly  100  feet    of  the   lower  beds  are 
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exposed.  The  stone  here  is  fine-grained  and  of  a  light  cream, 
almost  white,  color.  The  beds  are  from  two  to  five  feet  thick, 
with  some  well-bedded  layers  six  to  eight  inches  thick. 

Lead  appears  to  occur  scattered  through  this  rock  in  con- 
siderable quantities,  judging  from  the  large  amount  of  "float" 
that  is  found  throughout  Allamakee  county.  In  some 
instances,  as  in  the  case  of  the  Lansing  lead  mine,  the  ore 
occurs  in  fissures  of  considerable  extent.  The  above  men- 
tioned occurrence  of  lead  in  the  Oneota  is  of  much  interest 
both  on  account  of  the  extent  of  the  ore  body  and  also 
because  it  is  probably  the  first  extensive  lead  mine  ever 
worked  in  this  formation.  It  will  be  fully  described  in 
another  portion  of  this  report.  In  thickness  the  Oneota 
varies  from  200  to  300  feet. 

Saint  Pet^r  Sandstaiie. — This  rock,  like  the  Saint  Croix 
sandstone  is  of  very  pure  siliceous  sand,  composed  of  rounded 
and  transparent  grains  of  quartz.  In  some  portions  the  beds 
are  soft  and  friable,  while  in  others  the  sand  grains  are 
loosely  cemented  together,  and  a  more  or  less  indurated  rock 
is  formed.  The  formation  has  a  thickness  of  not  over  100 
feet.  At  McGregor  where  the  beds  are  finely  exposed  in  the 
bluflfs,  they  furnish  an  excellent  quality  of  glass  sand.  As  a 
rule  this  rock  is  notably  free  from  any  argillaceous  or  cal- 
careous layers. 

These  strata  have  a  wide  range  of  color,  including  white, 
green,  brown,  red,  buff,  yellow,  and  salmon,  all  of  common 
occurrence.  Where  the  white  and  green  have  been  inter- 
laminated  by  false  bedding  the  contrast  between  the  colors  is 
striking.  It  is  the  Saint  Peter  sandstone  that  forms  the 
' '  Pictured  Rocks ' '  of  the  upper  Mississippi.  An  analysis  of 
some  of  the  sand  from  Clayton  showed  98.85  per  cent  of 
silica.     Very  little  if  any  lead  is  found  in  this  formation. 

Trenton  Limestone. — The  Trenton  differs  from  the  three 
other  limestone  formations  of  the  region  in  being  a  pure  lime 
rock  free  from  magnesia.  It  is  a  very  compact  blue  stone 
characterized  by  an  abundance  of  organic  remains,  differing 
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thus  from  the  Galena  and  Oneota,  but  in  the  matter  of  organic 
remains  resembling  the  Niagara,  which  is  also  very  fossilif er- 
ous.  In  some  portions  it  is  thin  and  very  unevenly  bedded, 
while  at  other  horizons,  especially  in  the  lower  buff  beds  near 
the  base  of  the  formation,  it  is  well-bedded,  with  layers  three 
to  four  feet  thick.  Where  exposed  to  the  weather  the  rock 
changes  color  as  is  shown  in  the  quarry  blocks  which  are  blue 
on  the  interior  and  gray  on  the  outside  next  to  the  joints. 
This  limestone  is  exposed  at  various  points  in  Dubuque  county, 
above  Eagle  Point,  along  the  Little  Maquoketa  and  below 
Spechts  Ferry,  for  example.  In  the  counties  farther  to  the 
north  it  is  quite  extensively  quarried  for  building  purposes. 
In  Wisconsin  the  Trenton  rock  carries  a  large  part  of  the 
zinc  ores,  but  in  Iowa  little  lead  and  zinc  have  been  found 
in  it. 

Galena  Limestone, — This  formation  is  of  special  interest  and 
importance  as  containing  the  lead  and  zinc  deposits  of  the 
state.  The  rock  is  a  heavily  bedded  and  nearly  pure  dolo- 
mitic  limestone,  coarsely  granular  and  filled  with  numerous 
small  cavities.  Its  color  is  a  buflf  or  light  brown,  weathering 
on  the  surface  to  a  dull  gray.  Many  of  the  beds  have  a  thick- 
ness of  seven  feet  and  more,  ranging  from  this  to  thin  evenly 
bedded  layers,  near  the  top.  It  is  in  these  upper  strata  that 
the  large  quarries  in  Dubuque,  such  as  those  on  Dodge  street, 
are  situated.  The  formation  contains  more  or  less  of  argill- 
aceous matter  confined  mostly  to  the  partings  between  the 
beds.  Numerous  chert  nodules  also  occur  at  certain  horizons. 
This  limestone  varies  greatly  in  compactness,  being  filled 
with  soft  patches  which  are  readily  aflfected  by  atmospheric 
agencies  and  soon  give  rise  to  the  cavities  so  characteristic 
of  the  rock.  A  weathered  surface  of  Galena  limestone  always 
presents  a  very  rough  and  pitted  appearance.  Large  masses 
that  have  fallen  from  the  cliffs  look  not  unlike  fragments  of 
scoria  from  some  volcano.  Bluffs  of  this  limestone  give  rise 
to  strange  and  fantastic  forms  resembling  ancient  castles  or 
venerable  towers.     Wherever  cut  by  streams  the  Galena  lime- 
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stone  forms  escarpments  with  projecting  spurs  and  isolated 
turrets.  The  Galena  rock  is  everywhere  cleft  by  fissures, 
or  crevices,  often  miles  in  extent.  In  these  fissures,  and  in 
the  *' openings"  formed  by  their  widening  out,  the  lead  and 
zinc  have  accumulated.  The  crevices  serve  as  channels  for 
underground  drainage  and  have  thus  been  greatly  enlarged 
until  some  are  the  size  of  a  railroad  tunnel. 

The  formation  has  a  thickness  of  250  feet  when  fully  devel- 
oped. Fossils  are  not  very  abundant,  most  of  those  found 
being  casts.  Lingida  quadrata  is,  however,  quite  common, 
as  is  also  a  species  of  Receptculites,  the  B.  oweni  Hall,  which 
is  often  called  the  ''lead  fossil."  The  upper  beds  of  this 
limestone  are  quite  extensively  quarried  about  Dubuque  and 
used  for  curbing,  foundations  and  other  rough  masonry.  It 
also  affords  a  very  good  quality  of  lime. 

Mdquoketa  Shales. — The  Galena  limestone  is  commonly 
covered  by  the  soft  and  easily  decomposed  Maquoketa  shales. 
In  the  lead  and  zinc  region  these  seldom  have  a  thickness  of 
more  than  thirty  feet,  though  when  fully  developed  they 
attain  a  depth  of  100  feet  and  more.  In  some  cases  the  ore 
deposits  extend  upward  nearly  or  quite  to  the  shale.  Two 
small  sheets  of  lead  are  reported  as  occurring  in  the  shales 
themselves,  and  occasionally  good  sized  pieces  of  ore  are 
found  in  the  same  rock.  Most  of  the  shafts  in  Dubuque 
county  have  been  sunk  through  a  varying  thickness  of  these 
shales  before  reaching  the  ore  deposits. 

Niagara  Limestone. — Overlying  the  Maquoketa  beds  is  the 
Niagara  limestone,  which  forms  a  line  of  bluflfs  rising  abruptly 
six  or  seven  miles  west  of  Dubuque  and  gradually  approaching 
the  Mississippi  south  of  the  city. 

MODE  OF  OCCURRENCE  OF   LEAD  AND  ZINC. 

It  may  be  stated  as  a  general  law  that  the  ore  deposits  of  the 
world,  including  those  of  lead  and  zinc,  are  located  within 
areas  of  disturbance  in  the  earth's  crust.  The  strata  have 
been  more  or  less  tilted  from  their  original  horizontal  position ; 
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they  have  been  fractured  and  faulted,  and  in  numerous 
instances  masses  of  igneous  rock  have  been  intruded  into 
them. 

The  ore  deposits  of  the  Upper  Mississippi  form  a  notable 
exception  to  the  above  rule.  They  occur  in  practically  undis- 
turbed strata,  which  show  no  evidence  of  having  been  sub- 
jected to  powerful  dynamic  forces  nor  of  having  been  affected 
by  igneous  intrusions.  It  is  true,  as  will  be  noted  later,  that 
slight  anticlinal  folds  exist  in  the  region,  but  these  are  of 
minor  importance  and  have  not  given  rise  to  profound  fissures 
or  faults. 

While  some  beds  of  lead  and  zinc  occur  in  massive  or  crys- 
talline rocks,  the  great  majority  of  the  world's  deposits, 
including  those  which  are  most  productive,  are  fouud  in 
limestone  or  are  closely  associated  with  that  rock.  This  fact 
is  one  of  much  significance  since  it  does  not  hold  true  for 
deposits  of  the  other  metalliferous  ores.  As  illustrations  of 
lead  deposits  in  limestone  may  be  mentioned  those  of  Colo- 
rado, Montana,  Idaho  and  Nevada;  those  of  the  Mississippi 
valley,  and  in  Europe  the  large  mines  of  Upper  Silesia,  Lau- 
rium,  Cartagena,  Santander,  Bleiberg,  North  of  England, 
Sardinia  and  numerous  others. 

In  their  geological  distribution  these  ores  are  not  confined 
to  any  one  horizon  or  group  of  strata,  but  are  scattered 
through  rocks  of  all  periods  from  Archaean  to  Tertiar3\  The 
rocks,  however,  which  contain  the  largest  and  most  impor- 
tant deposits  are  those  of  the  Silurian,  Lower  Carboniferous 
and  Triassic.  The  Iowa  mines  are  confined  to  the  Lower 
Silurian. 

A  brief  comparison  of  the  Upper  Mississippi  mines  with 
those  of  Missouri  will  be  in  place  here.  The  Missouri  mines 
are  grouped  about  certain  centers  and  are  included  in  three 
districts,  the  southwestern,  southeastern  and  central.  In 
the  southwest  almost  all  the  deposits  are  in  the  Lower  Car- 
boniferous limestones  and  cherts.  In  the  southeast  and 
central  districts  they  are  in  the  Lower  Silurian  limestones. 
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The  massive  form  of  ore  deposits  prevails  in  the  southwest; 
the  ore  bodies  are  extensive  accumulations  of  breccia,  the 
fragments  being  principally  chert  derived  from  the  country 
rocks.  In  the  southeast  the  Galena  is  disseminated  through 
the  country  rock,  large  masses  of  magnesian  limestone  being 
impregnated  with  the  mineral. 
The. Missouri  deposits  are  thus  of  three  kinds: 

(1)  Filling  crevices,  chambers  or  caverns,  such  as  occur  in 
all  three  districts. 

(2)  Brecciated  deposits  of  the  southwestern  and  central 
districts. 

(3)  Deposits  impregnating  the  country  rock  of  the  south- 
eastern district. 

The  Missouri  deposits  resemble  those  of  Iowa  in  the 
absence  throughout  most  of  the  region  of  great  fissures  and 
faults,  and  also  in  being  confined  to  beds  near  the  surface. 

THE  LEAD   AND  ZINC  ORES   AND   ASSOCIATED   MINERALS. 

The  only  ore  of  lead  that  is  found  to  any  extent  in  the 
Iowa  mines  is  the  sulphide.  Galena  (Pb  S).  The  carbonate, 
Cerussite  (Pb  CO3),  is  of  rare  occurrence,  and  is  derived  by 
alteration  from  the  more  common  sulphide. 

Galena. — This  mineral  occurs  as  a  rule  in  well  defined 
cubes,  which  are  joined  together  in  masses  of  greater  or  less 
size,  forming  groups  or  aggregates  of  crystals.  The  comers 
of  the  cube  are  sometimes  replaced  by  the  faces  of  the  octa- 
hedron, and  this  form  may  predominate  until,  in  rare  cases, 
the  cubic  faces  have  disappeared  altogether.  All  the  speci- 
mens observed  from  the  mines  directly  about  Dubuque  were 
clusters  of  cubes  unmodified,  but  the  Galena  from  a  section 
lying  south  of  the  city,  as  well  as  that  from  the  Guttenberg 
mines,  is  crystallized  in  forms  showing  the  combination  of 
the  cube  and  octahedron.  From  the  last  mentioned  locality 
a  few  unmodified  octahedrons  were  obtained. 

The  crystals  seldom  present  bright  metallic  surfaces,  the 
faces  being  dull  and  more  or  less  corroded  or  coated  over 
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with  some  foreign  substance.  The  miners  have  different 
names  for  the  various  kinds  of  lead  ore.  Thus  the  term  "cog 
mineral"  is  applied  to  groups  of  good  sized  cubic  crystals. 
When  these  are  small  the  ore  is  called  ' '  dice  mineral. ' '  When 
the  sulphide  occurs  filling  a  narrow  fissure,  it  is  rarely  well 
crystallized,  and  is  then  known  as  ''sheet  mineral,",  and  when 
occurring  in  irregular  masses  it  is  called  /'chunk  mineral." 

The  lead  from  the  Iowa  mines,  like  that  from  the  other 
regions  of  the  Mississippi  valley,  contains  only  a  trace  of 
silver,  and  is  known  as  soft  lead  in  contrast  with  the  argen- 
tiferous ore  of  the  western  mines.  More  or  less  of  silver  is 
almost  invariably  present  in  lead  ore,  especially  when  the 
latter  is  found  occurring  in  the  neighborhood  of  metamorphic 
or  igneous  rocks.  But  the  deposits  found  in  undisturbed 
sedimentary  strata  commonly  contain  no  silver  except  in  very 
small  amounts. 

It  requires  at  least  six  ounces  of  silver  to  the  ton  to  pay 
the  cost  of  extracting,  and  the  Iowa  ores  carry  a  percentage 
less  than  this.  The  Galena  is  very  free  from  impurities  of 
any  kind  and  furnishes  a  product  of  excellent  quality. 

Cerus8ite. — This  mineral  occurs  as  a  coating  upon  the  sul- 
phide and  also  at  the  Lansing  mine  in  crystals  lining  small 
cavities  in  the  Galena.  The  ore  from  this  mine  is  also  fre- 
quently covered  by  a  thin  layer  made  up  of  numerous,  small, 
twin  crystals  of  Cerussite.  Wherever  the  Galena  has  been 
long  exposed  to  the  weather,  as  in  the  case  of  the  float  lead 
found  in  the  soil,  the  carbonate  supplies  it  with  a  white  coat- 
ing. In  the  formation  of  the  Cerussite,  which  is  evidently  a 
secondary  mineral  formed  by  the  alteration  of  Galena,  the 
sulphide  is  first  converted  into  the  sulphate  ( Pb  SO4 )  and 
the  latter,  through  the  agency  of  water  holding  bicarbonate 
of  lime  in  solution,  is  transformed  into  the  lead  carbonate. 

Smithsonite. — The  zinc  ores  found  in  Iowa  are  the  carbon- 
ate, Smithsonite  ( Zn  CO3 )  and  the  sulphide.  Sphalerite  or 
Blende  (ZnS). 
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The  carbonate,  or  ''dry  bone"  as  it  is  commonly  called,  is 
by  far  the  most  common  in  the  Dubuque  mines.  It  occurs  in 
a  variety  of  forms  which  may  be  described  respectively  as 
cellular  masses,  botryoidal  coatings,  earthy  masses  and  small 
bodies  impregnating  the  rock.  It  often  bears  a  close  resem- 
blance to  the  calcareous  tufa  found  about  so  many  springs  in 
limestone  regions.  Sometimes  it  supplies  a  coating  for  galena 
crystals,  or  it  entirely  replaces  them  and  forms  pseudo- 
morphs.  Several  interesting  specimens  were  seen  in  which 
fossils  had  been  entirely  replaced  by  the  carbonate.  One  of 
these  was  a  slab  of  Smithsonite  on  which  were  several  large 
gastropods,  their  substance  wholly  gone  and  the  place  filled 
by  zinc  ore,  the  outline  being  perfectly  preserved.  The  car- 
bonate contains,  on  an  average,  from  30  to  40  per  cent  of  zinc, 
though  some  specimens  run  as  high  as  49  per  cent. 

Sphalerite. — The  sulphide,  the  "  black  jack  "  of  the  miners, 
is  much  less  abundant  in  the  Iowa  mines  than  the  Smithson- 
ite. This  is  doubtless  due  to  the  transformation  that  has 
taken  place,  by  which  the  former  was  changed  over  into  the 
carbonate  as  will  be  explained  later.  The  blend  commonly 
occurs  in  compact  layers  or  masses,  and  does  not  exhibit  any 
crystal  form.  But  crystals  are  by  no  means  rare,  being  found 
in  cavities  in  the  limestones  or  in  geodes.  The  sulphide  con- 
tains considerable  iron  which  imparts  a  very  dark,  almost 
black,  color  and  renders  the  mineral  opaque. 

The  zinc  silicate,  or  Calamine,  was  not  observed  in  any  of 
the  mines,  though  it  probably  exists  in  small  quantities 
along  with  the  Smithsonite. 

The  change  of  the  sulphide  to  the  carbonate  seems  to  have 
been  very  extensive,  and  the  latter  is  probably  all  of  second- 
ary origin  and  derived  from  the  blende.  Several  facts  indi- 
cate that  the  latter  has  been  the  source  of  the  carbonate. 

(1)  Specimens  are  very  common  in  which  the  outside  is 
dry  bone,  while  the  unaltered  interior  is  composed  of  the  sul- 
phide. (2)  In  the  lower  levels  and  where  water  abounds  the 
ore  is  the  Sphalerite.     This  is  the  universal  rule  and  would 
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seem  to  be  owing  to  the  fact  that  the  lower  deposits  are  not 
subjected  to  the  atmospheric  agencies  at  work  nearer  the 
surface.  The  chemical  changes  that  have  taken  place  in  the 
zinc  blende  are  probably  as  follows:  The  sulphide  (Zn  S)  in 
the  first  place  became  by  oxidation  the  sulphate  (Zn  SO4 ) 
which  is  a  very  soluble  compound;  then  through  the  agency 
of  the  alkaline  and  earthy  carbonates  in  solution  in  the  cir- 
culating waters,  the  zinc  sulphate  would  be  changed  into  the 
carbonate  and  redeposited  in  the  crevices.  Where  the  blende 
is  under  water  it  is  little  affected  by  oxidation  and  hence 
remains  unaltered. 

ASSOCIATED   MINERALS. 

A  variety  of  different  minerals  occur  in  the  same  crevices 
along  with  the  lead  and  zinc,  and  these  deserve  more  than  a 
passing  notice  since  they  serve  to  throw  light  upon  the  ori- 
gin of  the  two  associated  metals. 

Invite  and  Mareaf<lte. — These  are  very  common  in  the  work- 
ings and  are  the  "sulphur"  of  the  miners.  The}'- have  the 
same  composition  with  a  ratio  of  4H.7  of  iron  and  53.3  of  sul- 
phur, but  crystallize  in  different  sj'stems,  Pyrite  being  iso- 
metric, and  Mareasite  orthorhombic.  The  latter  is  commonly 
whiter  than  Pyrite.  They  do  not  occur  in  well  defined  crys- 
tals so  much  as  in  crystalline  aggregates  of  irregular  form. 

At  the  mine  of  the  Dubuque  Lead  Mining  company,  how- 
ever, the  Pyrite  is  found  well  crystallized.  The  limestone 
has  here  been  much  affected  by  dissolving  agencies  and  is  so 
filled  with  cavities  that  the  rock  has  somewhat  the  appear- 
ance of  a  breccia  cemented  together  by  iron  pyrites.  Instead 
of  the  more  common  cube  the  mineral  here  occurs  in  perfect 
octahedrons  sometimes  modified  by  the  faces  of  the  cube. 
Penetration  twins  are  also  of  frequent  occurrence.  The 
crystals  vary  in  size  from  one-fourth  to  three-fourths  of  an 
inch.  When  exposed  to  the  air  these  sulphides  readily  oxidize 
and  change  over  into  Limonite.  This  alteration  is  finely 
illustrated  in  a  specimen  from  the  Lansing  lead  mine.  The 
interior  is  made  up  of  Mareasite  while  on  the  outside  this  has 
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undergone  a  chemical  change  and  a  coating  of  Limonite  one- 
fourth  of  an  inch  thick  has  been  been  formed.  The  same 
specimen  is  covered  on  one  side  by  Galena  and  on  the  surface 
thus  protected  the  Marcasite  has  suffered  but  slight  alter- 
ation, showing  that  the  changes  took  place  after  the  deposi- 
tion of  the  Galena  on  the  iron  sulphide.  Otherwise  there 
would  seem  to  be  no  reason  why  the  Limonite  should  not  be  of 
the  same  thickness  on  all  sides. 

Limonite.  (Ocher.  Rust.) — This  is  a  hydrated  oxide  of  iron 
and  is  found  in  large  quantities  in  the  ore-bearing  crevices 
where  it  was  formed  by  the  oxidation  of  the  Pyrite  and  Mar- 
casite. This  alteration  process  has  gone  on  so  extensively 
that  a  large  part  of  the  original  minerals  has  been  changed 
into  the  iron  oxide.  It  is  usually  impure  and  earthy,  impart- 
ing to  the  clay  and  other  crevice  material  a  brown  color. 
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FiQ.  1.    Orevices  followed  In  prospecting  for  lead   south  of  Dubuque.    These  crevices 

contain  satin  spar  and  stalactites. 

Calcite  and  Ar aconite. — These  are  the  most  common  of  the 
associated  minerals,  occurring  abundantly  throughout  the 
region.     The  following  varieties  were  observed: 

1.  Well  crystallized  calcite;  the  ''tiff"  of  the  miners. 

2.  Fibrous  variety  or  satin  spar. 

3.  Lamellar,  pearly  white  variety  or  argentine. 
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The  two  latter  are  closely  associated  and  are  found  together 
in  the  same  stalactites. 

The  crystallized  ealeite  forms  fine  crystals  and  groups  of 
crystals  often  of  much  beauty.  A  very  common  occurrence 
is  the  combination  of  the  scalenohdron  (R  3)  with  the  rhom- 
behedron  (R)  and  the  prism  of  the  first  order  («,P).  But 
more  complex  combinations  are  foimd.  Thus  one  specimen 
showed  the  prism  of  the  first  order  and  three  scalenodrons, 
two  positive  (R  3  and  i  R  3)  and  one  negative,  the  latter 
beveling  the  acute  angles  of  R  3. 

Satin  spar  and  argentine  are  associated  in  some  crevices 
about  five  miles  south  of  Dubuque  (Tp.  88  N.,  R.  Ill  E.,  Sees. 
16  and  17). 


Some  of  these  "spar  eaves 


'  have  been  productive  crevices 
from  which  large  quantities 
of  ore  liave  been  taken,  while 
othera  are  barren  and  filled  to 
a  greater  or  less  extent  with 
clay.  The  Galena  limestone 
in  this  locality  is  cleft  by  a 
complex  system  of  extensive 
flssui-es  which  form  a  laby- 
i-inth  of  undei'ground  pas- 
sages, and  in  certain  portions 
contain  large  deposits  of  ealc 
spar  lining  the  top,  sides  and 
bottum.  The  dei>osition  of 
lime  carbonate  does  not  go  on 
extensively  where  there  is 
more  than  forty  feet  of  lime- 
stone above  the  cap  rock.  One 
remai'kable  feature  of  these 
"caves"  desei-ves  more  than  a 
passing  notice.  The  floor, 
which  is  formed  of  a  layer  of 
calcium  carbonate  6-10  inches  thick,  is  suspended  in  tlie  top 
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of  the  crevice.  This  is  well  shown  in  the  accompanying  figure 
(Fig.  2),  The  floor  was  evidently  formed  when  the  clay  was 
at  that  height  in  the  fissure  and  was  deposited  on  top  of  this 
impervious  material.  Later  the  clay  has  settled,  leaving  the 
crevice  open  beneath  the  lime  deposit;  sometimes  this  settling 
amounts  to  as  much  as  thirty  or  forty  feet.  The  floor  of  the 
cave  thus  forms  a  horizontal  partition  across  the  top  of  the 
crevice.  It  may  be  connected  with  the  roof  by  several  col- 
umns formed  by  the  growing  together  of  stalactites  and  sta- 
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lagmites.  On  this  floor  is  sometimes  found  a  clear  pool  of 
water. 

The  Satin  spar  has  a  fibrous  structure,  silky  luster  and  is 
colorless  or  white.  It  is  made  up  of  delicate  aeieular  crystals 
of  Aragonite. 

The  Argentine  (Schieferspath)  has  a  pearly  luster  and  is  com- 
posed of  more  or  less  undulating  lamellae  of  pure  white  color. 
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The  specimens  found  here  agree  well  with  the  descriptions 
given  by  Dana  and  Tschermak.  Several  different  forms  of 
stalactites  occur:  (1)  Those  specimens  which  are  pearly 
white  on  surface  of  fracture,  with  a  silky  luster  due  to  the 
radiating  fibers  that  form  a  velvety  surface  of  great  beauty. 
This  variety  occurs  in  bunches  or  clusters  of  twisted  and 
gnarled  stem-like  forms.  (2)  Stalactites  proper;  formed  of 
radiating  fibers.    In  cross  section  these    have    a   vitreous 


luster,  and  on  the  surface  are  (a)  either  covered  with  a  fine 
white  powder,  and  show  no  luster  or  (b)  the  outer  surface 
is  formed  of  little  rhombohedrons  and  has  a  silky  luster. 
They  are  white  or  colorless;  opaque  or  translucent. 

Other  stalactites  have  a  concentric  banded  structure  and 
possess  several  points  of  unusual  interest.  Beginning  at 
the  center  they  show  (1)  a  crystalline  or  granular  core,  often 
displaying  bright  rhombohedral  faces;  (2)  a  thin  band  of  clay, 
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apparently  wanting  in  some  cases;  (3)  pearly  white  lamel- 
lar Calcite  (Argentine);  (4)  a  band  of  clay;  (5)  a  fibrous 
Aragonite;  (6)  an  outer  surface  composed  of  little  rhombo- 
dedrons. 

Several  features  in  the  structure  of  these  stalactites 
deserve  special  notice.  There  is  every  indication  that  the 
crystalline  core  was  once  fibrous,  but  this  structure  has 
mostly  disappeared,  especially  in  the  larger  specimens,  and 
is  replaced  by  the  rhombohedral  cleavage.  In  the  smaller 
forms  the  transition  from  the  radiating  fibrous  variety  to  the 
crystalline  aggregate  of  rhombohedrons  can  be  traced.  The 
long  acicular  crystals  become  less  and  less  distinct,  though 
traces  remain  visible  after  the  rhombohedral  form  makes  its 
appearance.  Recrystallization  has  taken  place  and  the  mole- 
cules have  rearranged  themselves  to  conform  to  the  interior 
structure  of  the  rhombohedron;  or  in  other  words,  they  are 
identical  with  the  latter  crystal  form  in  all  but  external  out- 
line and  this  has  been  prevented  from  developing,  showing 
itself  only  on  cleavage  faces.  Another  strong  indication  that 
this  granular  core  was  once  fibrous  is  found  in  the  fact  that 
this  latter  structure  is  the  common  one  in  all  these  caves. 
The  small  forms  all  show  the  radiating  fibers  but  as  they 
increase  in  size  alteration  has  taken  place. 

Another  point  of  interest  relates  to  the  band  of  pearly 
lamellar  Calcite  occurring  between  the  granular,  crystalline 
core  and  the  fibrous  external  layer.  These  white  lamellae 
form  concentric  rings  in  marked  contrast  to  the  radiating 
fibers  associated  with  them.  Occurring  on  both  sides  of  the 
Argentine  in  most  cases  if  not  in  all,  there  is  a  thin  band  of 
clay.  It  is  this  that  doubtless  marks  the  suspension  of  depo- 
sition for  a  time,  and  when  redeposition  commenced  the  con- 
ditions were  so  changed  that  a  different  variety  was  formed. 

The  rhombohedrons  forming  the  surface  while  the  interior 
is  fibrous,  also  deserve  notice.  They  occur  on  the  larger 
stalactites  but  not  on  the  delicate  branch-like  forms.  The 
exterior  of  the  latter  owes  its  silky  luster  to  the  innumerable 
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fibers  of  which  it  is  composed.  They  frequently  form  delicate 
cotton-like  masses  covering  the  outside  of  the  satin  spar. 

On  the  majority  of  stalactites,  however,  the  crystal  aggre- 
gate of  rhombohedrons  occurs.  They  may  have  been 
deposited  after  the  radiated  interior  was  formed,  but  they 
seem  to  be  due  rather  to  the  alteration  or  i-ecrystallization  of 
the  fibrous  mass,  as  in  the  ease  of  the  granular  core.  The 
conditions  under  which  the  fibers  were  formed  have  changed, 
and  there  has  been  a  corresponding  change  in  the  crystalline 
condition  of  the  calcium  carbonate. 

The  satin  spar  occurring  in  the  large  branch-like  clusters 
is  notable  on  account  of  its  great  beauty  and  rarity.     As  it 


hangs  suspended  from  the  roofs  of  the  caverns  it  resembles 
at  a  distance  branching  coral,  but  near  at  hand  the  twisted 
and  gnarled  stems  with  their  beautiful  silky  luster  bear  no 
]}keness  %o  the  polyp  structures. 


FORMATION  OF  STALACTITES  35 

There  are  several  ways  of  accounting  for  these  irregular 
forms.  They  are  perhaps  due  in  some  cases  to  the  air  cur- 
rents which  move  through  these  underground  passages.  The 
wind,  coming  now  from  one  direction,  now  from  another, 
causes  the  drops  holding  the  lime  in  solution  to  be  blown  to 
one  side  and  another  of  the  slowly  growing  stem,  the  drops 
being  held  by  the  surface  tension  of  the  solution.  The  water 
does  not  trickle  down  undisturbed  as  when  forming  the  long 
straight  stalactites,  depositing  the  carbonate  evenly  on  the 
ends  and  sides,  but  is  deposited  for  a  time  on  one  side  of  the 
branch  and  then  on  another. 

In  a  recent  paper*  on  the  formation  of  stalactites  Merrill 
describes  some  irregular  forms  from  Wyandotte  cave,  Indiana, 
and  ascribes  their  peculiar  shapes  to  capillarity.  He  says: 
''An  examination  of  the  medusa-like  forms  of  Wyandotte 
reveals  the  fact  that  they  occur  not  as  dependents  from  the 
naked  limestone  of  the  roof,  but  are  offshoots  from  a  stalac- 
titic  crust  which  forms  first  and  which  varies  from  a  mere 
film  to  several  inches  in  thickness.  They  occur  sometimes 
singly  but  more  commonly  in  groups  or  clusters  of  several, 
ranging  in  size  from  three  to  ten  mm.  in  diameter.  Closer 
inspection  reveals  the  fact  that  while  in  most  cases  tubular, 
the  tube  itself  is  of  almost  microscopic  proportions,  being  as 
a  rule  less  than  half  a  millimeter  in  diameter.  So  small  is  it 
in  fact,  that  capillarity,  not  gravity,  is  the  controlling  principle 
in  giving  direction  to  the  lime-carrying  solution.  A  small 
spicule  of  calcite  crystallizing  on  the  extremity  is  as  likely  to 
point  any  other  direction  as  downward;  the  direction  of  the 
next  drop  is  controlled  in  part  by  the  first,  when  the  same 
process  is  repeated.  On  the  assumption  that  the  stalactite 
increases  in  length  by  constant  addition  to  the  tube  on  all 
sides,  it  is  easy  to  imagine  that  the  deposit  takes  place  for  a 
time  more  rapidly  on  one  side  than  another,  perhaps  partially 
closing  the  orifice  or  giving  it  a  different  direction.  The 
essential  fact  is,  however,  that  it  is  to  capillarity  and  not  to 
gravity,  that  is  due  the  peculiar  vermicular  forms." 

♦Proc.  U.  8.  Nat.  Mus.,  Vol.  XVIL,  pp.  77-91. 
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It  is  not  unlikely  that  some  at  least  of  the  Dubuque  stalac- 
tites, and  possibly  all,  have  originated  in  the  manner  just 
described. 

Gypsum. — This  mineral  is  not  of  common  occurrence  in  the 
region  under  view.  It  is,  however,  occasionally  found  in  the 
crevices  along  with  the  ores.  There  is  a  very  unusual 
occurrence  of  crystallized  Gypsum,  or  Selenite,  in  the  "spar 
caves."  The  specimens  are  found  on  the  top  of  the  clay 
forming  the  floor.  The  Selenite  occurs  in  very  long  acicular 
crystals.  These  needle-like  forms  are  composed  of  two  indi- 
viduals, whose  twinning  plane  is  the  orthopinacoid  ( oc  P  oc), 
and  are  greatly  elongated  in  the  direction  of  the  vertical 
axis.  The  faces  which  appear  are  those  of  the  clinopinacoid 
(oo  P  oc)  and  unit  prism  ( a  P). 

Two  cleavages  are  well  shown:  (1)  The  most  perfect  is 
parallel  to  the  clinopinacoid ;  (2)  there  is  a  second  good  cleav- 
age parallel  to  the  negative  pyramid  (-  m  P).  The  extent  to 
which  these  twin  crystals  have  been  elongated  is  remarkable. 
One.  specimen  had  a  length  of  6i  inches,  with  a  width  of  less 
than  i  of  one  inch.  Another  was  5i  inches  long  and 
extremely  slender,  being  less  than  A  of  an  inch  wide  and 
perfectly  transparent. 

Doloinite. — Crystallized  dolomite  is  not  common,  and  when 
found  usually  lines  the  sides  of  small  cavities  in  the  lime- 
stone. Since  the  latter  is  highly  magnesian,  it  might  be 
expected  that  dolomite  would  more  frequently  occur,  but  its 
rarity  is  doubtless  due  to  the  greater  solubility  of  the  mag- 
nesian carbonate.  On  this  account  it  would  remain  in  solu- 
tion while  the  lime  carbonate  was  deposited. 

MODE  OP  OCCURRENCE  OF  THE  IOWA   ORES. 

The  lead  and  zinc  deposits  of  the  state  are  found  in  crev- 
ices in  the  Galena  limestone.  The  strata  of  the  region  are 
cut  by  fissures  of  greater  or  less  extent,  and  in  the  expansion 
or  "openings"  of  these  the  ores  occur.  There  is  a  very 
^oticeable  uniformity  in  the  general  direction  of  the  crevices, 
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a  great  majority,  and  all  of  those  which  carry  the  large 
ore  bodies,  have  an  approximate  east  and  west  course.  A 
less  important  set  bear  north  and  south;  these  are  narrow 
without  any  true  opening,  and  in  them  the  ore  occurs  without 
exception  in  sheets.  Cutting  these  two  sets  of  fissures  there 
are  others  known  as  ''  quarterings  "  that  cross  the  former  at 
varying  angles.  These  seldom  form  open  crevices  and  rarely 
carry  ore;  but  where  they  cut  the  main  crevice  large  ore 
bodies  are  apt  to  occur,  and  these  secondary  clefts  are  called 
by  the  miners  * '  feeders. ' ' 

The  system  of  east  and  west  fissures  deserves  special 
notice.  They  have  yielded  most  of  the  lead  and  zinc  and  are 
by  far  the  most  extensive.  While  their  general  direction  is 
nearly  east  and  west  they  vary  more  or  less  from  such  a 
course.  This  variation  will  not,  however,  exceed  ten  degrees, 
and  most  of  the  crevices  of  the  Dubuque  district  are  found  to 
bear  a  few  degrees,  from  one  to  ten,  south  of  west.  Except- 
ing where  several  are  associated  together  forming  a  range, 
the  crevices  are  not  parallel  and  no  two  have  exactly  the 
same  direction.  Thus  it  happens  that  they  approach  or  recede 
from  one  another  and  in  some  cases  even  intersect. 

The  great  extent  of  many  of  these  crevices  is  another 
remarkable  feature.  They  extend  for  miles  across  the 
country,  and,  excepting  slight  local  deviations,  their  course 
is  nearly  a  straight  line.  Thus  in  some  instances,  when  the 
true  direction  was  found  and  a  shaft  sunk  on  this  line,  it 
struck  the  opening,  or  perhaps  missed  it  by  only  a  few  inches. 
The  Timber  range,  a  few  miles  north  of  Dubuque  in  Peru  and 
Jefferson  townships,  affords  a  good  example  of  the  length  of 
some  of  these  fissures.  The  range  is  composed  of  three  main 
crevices  which  are  parallel,  with  several  minor  ones,  and 
has  a  width  of  100  feet.  It  has  been  worked  for  a  distance  of 
five  miles  or  more,  in  some  portions  yielding  lead  and  in 
others  zinc. 

The  crevices  composing  a  range  are  quite  closely  related. 
They  are  parallel,  only  a  few  feet  apart,  and  are  connected  by 
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Fio.  6.    Crevice  opening  in  Spriog  Street   mine  of 
Dubuque  Zinc  and  Lead  Mining  Co. 


cross  fissures.     The  ore  may  give  out  in  one,  but  will  be 
found  again  in  the  next  neighbor  to  the  north  or  south.     It  is 

thus  not  uncommon  to 
have  the  ore  pass  from 
one  crevice  to  another 
in  the  same  range. 

The  characteristic 
features  of  the  crevices 
are  the  ' '  openings. ' ' 
These  are  formed  by  a 
widening  process  due 
to  the  decomposition 
and  solution  of  the  limestone  in  these  particular  layers.  They 
serve  as  channels  for  underground  drainage  and  have  thus  in 
many   instances   been   greatl}^   enlarged.      These    cave-like 

expansions  usually  include 
sevei'al  strata,  the  rough  edges 
of  which  form  an  irregular 
wall  on  either  side.  At  the 
surface  the  fissure  commonly 
appears  as  a  mere  seam  or 
crack  in  the  rock,  which,  fol- 
lowed down, probably  contains 
little  or  no  mineral  until  it  sud- 
denl)^  widens  out  into  the  space 
where  the  ore,  if  anywhere, 
will  be  found.  The  openings 
vary  greatly  in  dimension;  in 
height  they  are  all  the  way 
from  a  few  feet  to  forty,  and  in 
width  from  several  inches  up 
to  twenty  feet,  and  in  rare  cases 
even  forty  feet.  They  are  usually  limited  above  by  the  ' '  cap 
rock,"  a  hard  and  persistent  layer  of  limestone  four  feet  in 
thickness.  This  is  almost  invariably  cut  through  by  a  seam 
which  may  be  so  small  as  scarcely  to  be  distinguished,  or  by 


Fia.  7.     Section   showing   open    crevice 
extending   up   through  cap   rock,  mine  of 
Dubuque  Zinc  and  Lead  Co. 


TYPICAL  SECTION.  39 

an  open  fissure  of  varying  width  that  often  carries  ore.  A 
section  of  the  Galena  limestone  above  the  "cap  rock"  is 
given  below.  It  is  seen  in  no  one  locality,  but  is  made  up 
from  records  of  shafts  and  from  quarries. 

FEET.        INCHES. 

1.  Maquoketa  Bhales 

2.  Bright  red  to  yellow,  cavernoua  limestone..       4  G 

3.  Compact   blue   limeatone,  difllcult  to  pene- 

trate (the  "blue  rock''  of  miners) 20 

4.  Regularly  bedded    limestone,   layers  4  -12 

inchea  thick  ("  quarry  rock  ") 20 

5.  Heavily  bedded  limestone 10 

The  "cap  rock"  composes  the  lower  portion  of  No.  5,  is  3  to 
4  feet  thick  and  is  more  compact  and  hard  than  the  beds  below. 
It  is  quite  easily  recognized  in  sinking  a  shaft,  and  among 
the  quarrymen  is  known  as  the  "four-foot"  layer.  The 
lower  portion  of  the  above  section  is  well 
shown  in  several  extensive  quarries  on 
Dodge  street,  below  Grandview  avenue, 
Dubuque.  These  have  reached  a  depth 
of  twenty  to  forty  feet  below  the  surface. 
Nos.  4  and  5  are  well  exposed.  The  layers 
of  the  upper  portion  of  No.  4  are  uniform 
in  thickness  and  separated  by  clayey  mat- 
ter. •*^T^=^fT~ 

The  "four-foot  "  layer  is  well  shown  in     yp'-     i-" ',  ,  -^ 
the  quarry  north  of  the  road.     It  is  here    ■^-i^^'^t't^-^ 
broken  through  by  several  crevices  and     •  jz  i^-^r-^^    '-.^f^ 
in  one  place  a  large  east  and  west  open     ^^-  ]  .i-^'iWI^i  J^^ 
fissure  extends  up  into  the  "cap."  ^  .    -  . 

A  crevice  does  not  widen  out  into  a  ■    ..^i  .i_-  ._ 

single  opening  only,  but  into  several,  one     ^  J?";  l^"^1  i^'^~ 
below  another.    The  upper  is  commonly    „    „  ^    .      ,  ^  ^ 

■^'  •'         Fio.  B.   Crevice  with  throo 

called  the    "first"    opening,    the    next  openings. 

underneath  the  "second,"  while  still  farther  down  are  a  third 
and  fourth.     (See  figure  8.) 

About  Dubuque  only  the  first  openings  have  been  extensively 
worked,  though  considerable  ore  has  been  removed  from  the 
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second.  But  water  hinders  progress  at  the  lower  levels,  and 
it  is  only  by  resorting  to  costly  pumping  machinery  that  these 
can  be  reached.  The  upper  opening  is  usually  the  main  one 
and  also  the  most  productive,  while  the  lower  ones  are  smaller 
and  contain  less  clay;  the  ore  in  these  being  therefore  clean 
and  bright.  The  first  opening  is  found  to  occur  forty-five  to 
fifty  feet  below  the  Maquoketa  shale,  that  is  to  say  the  open- 
ing proper  is  at  that  depth  below  the  shale,  and  yet  it  fre- 
quently extends  upward  through  the  cap  rock  as  an  open 
crevice  scarcely  to  be  distinguished  from  the  opening  itself, 
though  the  miners  always  make  the  distinction.  As  a  rule  it 
is  not  so  wide  as  the  portion  below  the  cap  rock,  just  beneath 
which  the  marked  enlargement  occurs.  (Figure  7.)  This 
open  crevice  often  extends  to  within  a  few  feet  of  the  shale 
or  even  quite  up  to  it. 

A  peculiar  feature  of  many  openings  is  found  in  the  chim- 
neys that  continue  above  the  general  level  of  the  roof,  as 
large  cone-shaped  or  irregular  cavities  commonly  also  carry- 
ing ore.     (See  figure  9.)     On  the  other  hand  the  opening  may 

widen  out  into  spacious 
rooms  or  caves.  Again,  the 
crevice  may  be  divided  or 
almost  blocked  up  by  alarge 
mass  of  limestone  known  as 

Fio.  9.    Crevice  opening  with  chimneys.  ^  i  i^^^  rOCk. "       It  is  doubt- 

less  on  account  of  its  greater  compactness  that  this  obstruc- 
tion has  been  able  to  resist  the  destructive  forces  which  have 
removed  the  surrounding  rock.  The  opening  is  not  neces- 
sarily an  empty  cavity,  but  may  be  partially  or  entirely  filled 
with  ore  or  crevice  material,  such  as  clay  and  rock  fragments. 
On  the  other  hand  the  openings  are  often  empty  and  can  be 
traversed  for  hundreds  and  even  thousands  of  feet. 

The  simplest  mode  of  occurrence  for  lead  and  zinc  is  in 
that  of  the  verticle  sheet.  (See  figure  10.)  In  this  case  the 
ore  is  found  filling  a  narrow  fissure,  the  walls  of  which  are 
parallel,  and  the  entire  space  between  them  is  filled  with 
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gulena  or  blende;  or  the  rock  may  have  deeomposed  more  or 
less,  and  some  clay  will  then  be  present  enclosing-  the  sheet. 
The  thickness  of  the  latter  is 
variable  but  will  seldom  exceed 
three  inches,  diminishing  to  a 
quarter  of  an  inch  and  less. 
The  longitudinal  extent  is  usu- 
ally not  great. 

A  fine  example  of  such  a  sheet 
is  furnished  by  the  Lansing 
lead  mine  in  Allamakee  county. 
This,  like  all  such,  lies  in  a 
north  and  south  fissure,  has  a  thickness  of  three  inches,  and 
a  vertical  extent  of  at  least  thirty  feet.  Though  followed 
for  1,000  feet,  its  northern  and  southern  limits  have  not  yet 
been  reached.     This  mine  will  be  more  fully  described  later. 

The  above  occurrence,  however,  is  exceptional  in  the  Iowa 
mines.  Most  of  the  ore  occurs  in  the  openings  above 
described,  where  it  is  either  pure  or  mixed  with  more  or  less 
of  clay  and  fragments  of  rock.  It  is  commonly  found  attached 
to  the  top  and  sides  of  the  cavities,  or  has  fallen  to  the  floor 
where  it  lies  partially  buried  in  clay.  The  lead,  especially, 
bears  evidence  of  having  been  formed  in  the  "cap."  It  is 
frequently  seen  suspended  in  large  masses  from  the  roof  and 
extending  up  into  the  crevice  in  the  "cap  rock."  After  it 
has  fallen,  a  second  sheet  may  form  in  its  place,  and  thus 
several  separate  masses  may  be  formed  successively.  Lead  is 
also  found  filling  the  chimneys  and  continuing  upward  above 
the  opening.  The  zinc  ore,  besides  lining  the  crevice,  is  also 
found  in  large,  loose  masses,  nearly  filling  the  opening  and 
coating  the  loose  rock  fragments.  Oftentimes  it  is  quite 
pure,  with  only  a  slight  admixture  of  clay  or  limestone. 
Sometimes  it  fills  great  cavities,  and  in  one  of  these  it  was  so 
loosely  deposited  that  a  blow  of  the  pick  caused  tons  to  come 
tumbling  down. 
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A  very  noticeable  feature  of  the  Iowa  deposits  is  seen  in 
the  way  the  lead  and  zinc  occur  concentrated  at  certain 
points  forming  ' '  ore  bodies. ' '  The  crevices  are  not  produe- 
tive  throughout  their  entire  length,  but  only  here  and  there, 
where,  for  some  reason,  the  conditions  have  been  exception- 
ally favorable  for  the  concentration  of  the  minerals.  It  may 
be  that  a  quartering  crevice  or  a  north  and  south  fissure 
intersects  the  main  one  just  here,  and  has  brought  in  the 
waters  from  which  the  ore  was  deposited.  At  any  rate, 
these  ore  bodies  frequently  occur  where  several  crevices 
cross.  In  a  great  many  cases  also  they  appear  to  accumulate 
and  ''.make  back  "  as  the  miners  say,  from  some  obstruction 
in  the  crevice,  as  a  "  key  rock. ' '  These  concentrated  masses 
of  mineral  do  not  usually  extend  more  than  300  or  400  feet, 
though  they  may  reach  800  or  1,000  feet.  The  opening,  on 
the  other  hand,  may  be  several  miles  in  length.  The  ore 
bodies  are  thus  commonly  quite  limited.  They  do  not  usually 
give  out  suddenly,  but  the  valuable  contents  diminish  in 
quantity  and  finally  disappear. 

The  lead  and  zinc  deposits  of  Iowa  are  confined  mostly  to 
the  upper  part  of  the  Galena  limestone.  This  is  true  for  all 
the  mines  of  Dubuque  county.  Farther  north  at  Guttenberg, 
where  formerly  considerable  lead  was  found,  the  mines  are  in 
the  lower  portion  of  this  formation,  and  at  Lansing  some  ore 
is  even  found  in  the  Oneota  limestone;  but  with  few  excep- 
tions the  deposits  are  near  the  top  of  the  Galena.  The  Iowa 
mines  appear  to  form  an  exception  to  the  rule  that  holds  good 
for  the  rest  of  the  region.  Chamberlain*  makes  the  follow- 
ing statement  concerning  the  occurrence  of  the  metals  in  the 
field  as  a  whole.  ' '  It  is  a  law  to  which  no  noteworthy  excep- 
tions have  yet  been  authentically  reported,  that  lead  predom- 
inates in  the  upper  beds,  but  relatively  decreases  in  the 
lower,  while  the  zinc  ores  are  very  scant  in  the  upper  hori- 
zons but  relatively  increase  and  often  predominate  below." 
If  reference  is  made  only  to  the  zinc  blende,  then  the  above 

•Geology  of  Wisconsin,  Vol.  IV,  1873,  p.  488. 1879. 
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statement  would  be  true  for  Iowa  as  well,  for  the  sulphide  is 
always  found  at  the  lower  horizons  and  usually  b^low  the 
Galena.  But  if  it  is  made  to  include  the  zinc  carbonate  or 
dry  bone,  the  Iowa  deposits  are  an  exception. 

In  the  Dubuque  region  the  zinc  commonly  occurs  on  the 
same  level  as  lead,  and  in  some  cases  above  it,  as  will  be 
shown  later.  Most  of  the  great  ore  bodies  have  been  in  the 
upper  fifty  or  sixty  feet  of  the  Galena  limestone,  and  it  is 
doubtless  true  that  the  bulk  of  both  minerals  so  far  marketed 
from  these  mines  has  been  taken  from  the  upper  one-fourth 
of  that  formation.  Verj^  little  ore  has  been  removed  from  a 
greater  depth  than  100  feet  below  the  Maquoketa  shale.  In 
Wisconsin  the  zinc  is  confined  mostl}^  to  the  underlying  Tren- 
ton rock,  but  only  in  rare  instances  have  the  diggings 
reached  that  depth  upon  the  west  bank  of  the  Mississippi. 

Both  lead  and  zinc  frequently  occur  in  the  same  opening, 
though  they  are  not  usually  intermingled.  The  lead  gives 
out  in  the  crevice  and  a  short  distance  beyond  the  zinc 
appears.  Thus  many  crevices  have  been  worked  in  one  sec- 
tion for  the  former  and  in  another  for  the  latter.  The  car- 
bonate is  found  in  immense  quantities  above  the  openings  car- 
rjang  the  lead.  The  two  ores  rarel}^  occur  mixed  together  in 
the  Iowa  mines,  and  even  in  such  cases  it  is  only  in  small 
amounts.  In  other  portions  of  the  same  region,  in  Wisconsin 
and  Illinois,  the  two  are  more  closely  associated  and  are 
often  found  in  alternate  layers. 

SPECIAL  DESCRIPTION  OF  THE  MINES. 

The  lead  and  zinc  deposits  of  Iowa  extend  along  the  Mis- 
sissippi for  nearly  eighty  miles  in  the  counties  of  Dubuque, 
Clayton  and  Allamakee. 

The  Dubuque  area  is  by  far  the  most  extensive  and  impor- 
tant and  has  yielded  a  large  proportion  of  the  entire  product 
of  the  state.  Beginning  at  the  valley  of  the  Tete  des  Morts 
the  metalliferous  tract  extends  northwest  to  the  Little 
Maquoketa.     The  diggings  in  the  neighborhood  of  the  former 
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stream,  however,  were  never  very  productive  and  have  long- 
since  been  abandoned.  The  Dubuque  area  proper  is  included 
between  Catfish  creek  and  the  Little  Maquoketa  forming  a 
belt  from  three  to  four  miles  wide  and  six  miles  long,  with  an 
area  of  some  twenty  square  miles.  The  Galena  limestone 
of  this  section  has  been  deeply  cut  by  the  streams  and  is 
overlain  in  all  its  higher  portions  by  the  Maquoketa  shales. 
Most  of  the  shafts  penetrate  these  shales  for  a  greater  or  less 
distance  before  reaching  the  limestone  sought.    The  number 
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and  size  of  the  productive  crevices  included  within  this  com- 
paratively small  area  is  very  remarkable  and  it  is  probable 
that  no  other  district  of  equal  extent  in  the  Mississippi  valley 
has  yielded  so  large  an  amount  of  ore. 

Most  of  the  mines  are  now  being  worked  for  zinc  carbonate, 
or  dry  bone,  and  only  a  few  are  producing  lead  in  any  amount. 

A  special  description  of  some  of  the  more  important  and 
characteristic  mines  will  serve  to  illustrate  the  mode  of 
occurrence  of  the  deposits  and  bring  out  more  clearly  their 
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appearance.  It  is  not  claimed  that  the  list  is  complete.  Some 
of  the  most  interesting  mines  were  closed  at  the  time  the 
field  work  was  done,  and  hence  could  not  be  visited.  Other 
famous  diggings  have  been  worked  out,  or  abandoned  on 
account  of  the  water,  and  are  now  inaccessible.  For  such 
reasons  those  which  could  be  examined  were  comparatively 
few. 

The  first  one  selected  for  notice  illustrates  the  occurrence 
of  the  zinc  above  the  lead. 

7%e  Timber  Range,  or  old  "Ewing  Diggings  "-at  DurangOj 
five  miles  northwest  of  Dubuque  (Tp.  90  N.,  R.  I  E.,  Sec' 36, 
Se.  qr.)  was  once  famous  for  its  Galena.  The  range  has  a 
width  of  100  feet  and  is  formed  by  three  main  crevices  with 


a  general  direction  S.  80"^  E.  The  openings  occur  ninety  feet 
below  the  crown  of  the  hill,  and  where  they  are  enlarged  the 
three  fissures  unite  in  caverns  of  immense  size. 

In  these  openings  the  lead  occurred,  and  above  them, 
extending  to  the  surface,  the  hill  is  filled  with  zinc  carbonate 
The  zinc  is  known  to  extend  also  below  the  level  of  the  lead. 
The  mine  is  worked  by  means  of  an  open  cut  extending 
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through  the  hill  with  a  width  of  forty  feet  and  a  depth  of 
about  eighty  feet.  The  crevices  are  more  or  less  open  up  to 
the  surface.  Several  can  bs  seen  in  the  face  of  the  cut,  and 
in  them  the  ore  is  most  abundant,  though  this  is  also  found 
mixed  all  through  the  fractured  limestone.  The  strata  have 
been  subjected  to  more  or  leas  strain,  possibly  owing  to  the 
large  caves  below,  and  are  broken  into  fragments.  The  car- 
bonate is  found  coating  these  pieces  and  filling  the  spaces 
between,  occurring  also,  as  stated,  in  the  open  crevices.    The 
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latter  where  they  appear  in  the  cut,  have  a  width  of  from  one 
to  two  feet.  In  working  the  mine  the  larger  masses  are 
blasted,  and  the  smaller  ones  loosened  with  tlie  pick.  The 
ore  is  removed  from  the  rock,  the  latter  is  carted  oft'  to  the 
dump,  and  the  dry  bone,  mixed  with  more  or  less  waste 
material,  is  carried  to  a  neigliboi-ing  stream.  Here  it  is 
washed  by  an  ingenious  contrivance  which  thoi-oughly  frees 
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the  ore  from  all  sand  and  dirt.  The  method  was  invented  by 
Mr.  Goldthorp,  superintendent  of  the  mine,  and  is  quite 
extensively  used  about  Dubuque,  An  Archimedes  screw, 
turned  by  horse  power,  revolves  in  a  trough  through  which  a 
stream  of  water  is  kept  flowing.  As  the  screw  revolves  it 
gradually  works  the  ore  up  the  gentle  incline  while  the  water 
runs  down  and  carries  with  it  all  sand  and  dirt.  Afterwards 
the  dry  bone  is  picked  over  by  hand  and  the  rock  fragments 
thus  separated.     During  the  past  season  eighteen  men  were 


,    Oleunlnft  Che  oro  from  tho  DaranKO  il 


employed  at  the  mine  and  the  daily  output  was  from  fifteen 
to  eighteen  tons  of  ore.  This  would  mean  a  yield  of  over 
2,500  tons  for  six  months  and  is  probably  about  the  annual 
production  of  the  mine  for  the  last  few  years.  The  only  zinc 
ore  occurring  in  any  amount  at  the  Durango  mine  is  the  car- 
bonate. Lead  occurs  in  small  amounts  mixed  with  the  zinc, 
this  being  one  of  the  two  instances  noted  in  which  this  phe- 
nomena appeared. 


48  LEAD  AND  ZINC  DEPOSITS  OP  IOWA. 

Dubuque  Lead  Mining  Company. — The  mine  of  this  company 
is  located  one  mile  west  of  Dubuque  and  has  been  worked 
for  about  one  year  and  a  half.  It  is  on  the  west  end  of  the 
old  Level  Range,  which  has  been  followed  for  nearly  three 
miles  and  has  yielded  considerable  ore  from  various  points 
along  its  length.  At  present  (November,  1895)  there  are 
seventy-five  men  employed  at  the  mine.  The  three  shafts 
are  210  feet  deep,  with  a  steam  hoist  on  one,  and  gins  on  the 
other  two.  The  company  have  just  erected  a  concentrator 
at  the  mine  for  the  purpose  of  crushing  and  cleaning  the  ore. 
This  was  made  necessary  by  the  fact  that  in  this  mine  much 
of  the  Galena  occurs  scattered  through  the  rock,  some- 
times in  particles  of  considerable  size.  The  limestone  is 
crushed  and  the  lead  then  separated  from  it.  The  ore-bear- 
ing dolomite  forms  a  zone  from  two  to  four  feet  wide  and  con- 
tains an  abundance  of  iron  pyrites.  This  latter  mineral  is 
often  found  here  crystallized  in  beautiful  octahedrons  with  a 
length  of  from  one-fourth  to  three-fourths  inches.  Besides 
being  disseminated  through  the  rock  the  Galena  occurs  in 
large  masses  in  what  is  probably  the  fourth  opening,  and  it 
likewise  fills  the  crevice  above  for  some  distance.  The  ore 
body  is  apparently  an  extensive  one;  700,000  pounds  of  lead 
have  already  been  raised.  Work  in  this  mine  is  made  pos- 
sible only  by  the  constant  operation  of  a  steam  pump  which 
keeps  the  water  below  the  opening  where  the  ore  occurs,  and 
thus  allows  the  miners  to  reach  the  deposit. 

Tfie  Mc  Ooxoen  Crevice — Direction  N.  86°  W.  This  crevice  is 
located  just  west  of  Dubuque  and  was  formerly  operated  for 
lead,  but  for  the  past  eight  years  it  has  produced  zinc  ore. 
The  shaft  is  112  feet  deep.  Only  the  first  of  the  openings 
present  have  been  explored.  The  greater  portion  is  above 
the  cap  rock  and  is  called  by  the  miners  a  "cap  rock "  open- 
ing. The  expanded  crevice  is  a  large  one,  the  average 
height  being  forty  to  fifty  feet,  and  the  width  four  to*  ten  feet. 
In  some  portions  it  opens  into  caves  with  twice  the  above 
width,  and  these  are  filled  with  zinc  ore  mixed  with  clay  and 
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Fig.  16.    McGowen  crevice  showing  cap 
rock  opening. 


more  or  less  rock,  much  as  in  the  Durango  mine.      Some 

twelve  feet  west  of  the  shaft  the  lead  gave  out  and  a  few  yards 

beyond  zinc  carbonate  began 

to  appear  and  soon  occupied 

the  entire  opening.     At  one 

point  almost  the  whole  cavity 

is  filled  by  the   ''keyrock," 

leaving  only  a  narrow  space 

on  either  side  for  the  ore. 

Wharton  Crevice.  — This  mine 
has  been  operated  for  zinc 
twelve  years.  The  shaft  opens 
out  into  a  large  '' cave"  from 
which  much  lead  was  form- 
erly taken.  From  this  point 
the  Galena  pitched  down 
toward  the  west  and  was  fol- 
lowed in  the  first  opening  for  150  feet.  It  then  descended  again 
to  the  second  opening  where  it  was  followed  150  to  200  feet. 
Work  was  stopped  at  this  point  by  water.  The  zinc  is  found 
in  the  upper  opening  above  the  section  where  much  of  the 
lead  occurred,  thus  furnishing  another  example  of  the  former 
ore  occurring  above  the  latter. 

This  crevice,  like  many  in  the  Dubuque  region,  is  extensive, 
being  forty  to  fifty  feet  high  by  four  to  ten  feet  wide.  In  it, 
as  in  the  McGowen  crevice,  occur  many  large  caves  which 
extend  up  into  the  ''quarry  roct. "  The  crevice  has  been  fol- 
lowed for  over  a  mile  west  from  the  shaft. 

Trueh^  Southwell  cfe  Co. — The  mine  belonging  to  this  com- 
pany is  located  in  the  city  of  Dubuque  and  has  been  in  opera- 
tion about  nine  years.  It  has  yielded  large  quantities  of 
zinc.  It  is  worked  by  means  of  four  or  five  shafts,  one  of 
which  has  reached  a  depth  of  210  feet,  being  one  of  the  deep- 
est in  the  region.  The  mine  has  been  closed  for  some  time  and 
cannot  now  be  examined,  but  divers  facts  of  interest  were 
obtained  from  the  owners  and  others. 
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It  is  apparently  an  exception  to  the  rule  that  the  first  open- 
ing is  the  largest,  for  here  the  second  holds  the  place  of  honor, 
having  a  height  and  a  width  of  forty  feet.  In  it  abound  both 
the  sulphide  and  carbonate  of  zinc,  and  the  alteration  of  the 
blende  into  the  Smithsonite  can  be  traced  in  specimens  col- 
lected here.  In  the  first  opening  some  Galena  occurs  with 
the  zinc,  this  and  the  Durango  mine  being  the  only  ones  in 
the  state  where  the  two  ores  exist  together  in  this  fashion. 
Between  the  shaft  on  Alpine  street  and  the  first  one  to  the 
west,  there  is  a  bar  that  holds  the  water  back.  This  extends 
in  a  general  northeast  and  southwest  direction  and  during 
part  of  its  course  is  about  under  Nevada  street.  The  water 
level  west  of  this  barrier  is  much  higher  than  upon  the  other 
side.  Thus  in  the  Alpine  shaft  a  depth  has  been  reached 
seventy  feet  below  the  water  level  west  of  the  obstruction. 

Ilowe^  Alexander  ik  Seller's  Co. — This  mine,  which  is  located 
at  the  corner  of  Eleventh  and  Spruce  streets,  Dubuque,  is  a 
comparatively  new  one,  having  been  operated  only  since 
March,  1892.  The  shaft  reaches  the  first  opening  at  a  depth 
of  eighty-five  feet,  and  from  this  level  alone  has  ore  been 
removed.  Drifts  have  been  run  east  and  west  from  the  shaft, 
and  only  enough  of  the  ore  removed  to  give  the  miners  room 
to  work  to  advantage.  The  opening,  while  its  dimensions 
have  not  been  accurately  determined,  is  known  to  be  a  large 
one  and  immense  quantities  of  ore  are  in  sight.  Although, 
when  visited,  the  mine  had  been  worked  only  a  little  more 
than  a  year  the  drift  had  reached  a  length  of  about  800  feet, 
and  1,000  tons  of  zinc  ore  had  been  removed. 

Kerrick  Mine. — This  mine,  one  of  the  largest  and  most  pro- 
ductive in  the  district,  is  still  being  worked  for  lead.  The 
crevice  is  almost  an  east  and  west  one,  having  a  direction  N. 
89^  W.  A  pump  has  recently  been  introduced,  and  by  means 
of  it  the  water  was  so  lowered  that  a  body  of  ore  in  the 
second  opening  could  be  reached.  Thus  in  fifteen  days 
317,000  pounds  of  Galena  were  raised,  and  in  all,  the  mine  is 
said  to  have  yielded  20,000,000  pounds. 
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Passing  north  from  the  Dubuque  area  we  find  a  few  diggings 
about  SherriU  Mound,  three  miles  from  Durango.  They  are 
the  last  met  with  in  Dubuque  county  in  this  direction. 

CLAYTON  COUNTY  MINES. 

Lead  has  been  mined  in  considerable  quantities  at  two 
points  in  Clayton  county — Buena  Vista  and  Guttenberg. 
At  Buena  Vista  a 
beginning  was 
made  in  1851  in 
Tp.  91N.,R.  IW., 
Sec.  28,  Ne.  qr. 
Two  nearly  east 
and  west  ranges 
have  been  worked, 
and  both  are 
formed  by  ^hree 
main  parallel  crev- 
ices with  several 
minor  ones.  The 
■  ore  in  the  south 
range  occurred  in 
a  large  body  at  the  surface.  The  mine  is  on  a  side  hill  where 
the  overlying  strata  have  been  eroded,  leaving  the  deposit 
exposed.  It  was  worked  by  an  open  cut  and  yielded  lead  in 
a  generous  measure.  The  crevice  was  followed  700  feet  west 
of  the  ore  body,  but  without  further  discoveries.  The  fissure 
is  open  up  to  the  very  surface,  where  it  is  from  one  to  three 
feet  wide,  and  is  filled  with  clay  and  soil.  One  crevice  in  the 
north  range  has  been  worked  by  a  level  run  into  the  hill- 
side. Mining  has  been  carried  on  here  at  intervals  for  over 
thirty  years,  and,  although  no  record  has  been  kept,  the  mine 
is  known  to  have  produced  large  quantities  of  Galena.  Some 
zinc  carbonate  occurs  in  this  same  locality,  but  not  in  paying 
amounts.  Several  specimens  of  lead  carbonate,  Cerussite, 
were  obtained  here,  and  one  of  them  analyzed  by  Prof.  G.  E. 
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Patrick  yielded  69.67  per  cent  of  lead.  It  occurs  only  in  small 
quantities  and  has  been  derived  by  alteration  from  the 
Galena.  For  many  years  little  has  been  done  in  these  mines, 
although  some  prospecting  has  been  carried  on  from  time  to 
time.  The  deposits  are  met  with  lower  in  the  Galena  lime- 
stone than  at  Dubuque,  but  not  at  the  base  of  the  formation 
as  at  Guttenberg. 

The  Guttenberg  mines  are  several  miles  northwest  of  the 
village  of  that  name  on  Miner's  creek,  a  small  stream  flowing 
into  the  Mississippi  just  below  the  town.  The  larger  dig- 
gings were  in  Tp.  92  N.,  R.  II  W.,  See.  7,  but  there  were 
others  in  section  18  of  the  same  township  and  range,  and  still 
others  in  sections  11  and  12,  Tp.  92  N.,  R.  Ill  W.  Both  the 
Galena  and  Trenton  limestones  are  here  well  exposed,  the 
latter  rising  from  125  to  150  feet  above  the  river.  The  higher 
hills  are  capped  with  100  feet  of  Galena  limestone.  Miner's 
creek  and  its  tributaries  have  cut  deeply  into  both  those 
formations,  and  the  mines  are  located  on  the  sides  of  the 
valleys  which  have  in  places  cut  across  the  east  and  west 
crevices.  Work  has  been  carried  on  almost  entirely  by  means 
of  tunnels  or  levels  run  into  the  hillside.  The  deposits  here 
occur  at  the  base  of  the  Galena,  at  its  junction  with  the 
Trenton.  The  ore  is  found  in  flat,  comparatively  wide  open- 
ings, and  is  scattered  through  the  crevice  clay. 

The  Holmes  mine  is  the  largest  in  this  disti'ict.  The  open- 
ing, which  is  in  places  fifty  feet  wide,  was  followed  2,000  feet. 
The  cap  rock  forms  a  flat  roof  without  fissure.  The  lead  ore 
lay  loose  in  the  crevice  material  occupying  the  cavity,  and 
was  easily  removed  without  blasting.  Crossing  the  Holmes 
range  was  a  "quartering,"  northeast  and  southwest,  which 
was  rich  in  ore.  A  north  and  south  fissure  close  by  also 
carried  considerable  amounts.  The  mineral  in  the  Holmes, 
as  not  unfrequently  occurs  in  the  mines,  "jumped  "  from  one 
east  and  west  to  another  parallel  crevice  of  the  same  range. 
In  this  case  the  opening  in  the  crevice  followed  became  nar- 
row   and    the    Galena  gradually  disappeared,    but  only   to 
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reappear  in  the  other  crevice.  In  all  the  specimens  seen 
from  the  Guttenberg  district  the  lead  crystallized  not  in 
simple  cubes,  but  in  combination  forms  of  the  cube  and  octa- 
hedron, the  latter  form  often  predominating  or  occurring 
alone.  This  locality  formerly  produced  considerable  lead, 
and  two  smelters  were  at  one  time  in  operation  on  Miner's 
creek.  After  a  few  years'  working  the  deposits  gave  out  in 
the  majority  of  the  diggings,  and  they  are  now  practically 
abandoned. 

Very  little  careful  prospecting  by  experienced  miners  has 
been  done  in  this  region,  the  mineral  having  been  hit  upon 
almost  by  chance.  Probably  by  careful  and  systematic 
search  other  ore-bearing  crevices  might  be  discovered. 

ALLAMAKEE  COUNTY  MINES. 

The  only  mine  now  being  worked  in  this  county  is  that  of 
the  Lansing  Mining  and  Smelting  Co.,  located  five  miles 
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northwest  of  Lansing  in  Tp.  99  N.,  R.  IV  W.,  Sec.  10,  Nw. 
qr.  This  is  of  unusual  interest  on  account  of  being  in  the 
Oneota  limestone,  in  which  ore  had  not  previously  been  dis- 
covered except  in  small  quantities.  It  was,  indeed,  consid- 
ered practically  useless  to  look  for  lead  in  this  formation. 
Another  remarkable  fact  in  connection  with  this  deposit  is 
that  it  occurs  as  a  vertical  sheet  in  a  north  and  south  Assure. 
While  these  north  and  south  crevices  are  not  uncommon  in 
the  state,  they  are  usually  of  limited  extent  and  do  not  con- 
tain large  bodies  of  ore.  But  here  the  sheet  is  an  extensive 
one,  and  does  not  as 
yet  show  any  signs  of 
giving  out.  The  mine 
was  discovered  in  Jan- 
uai-y,  1891,  by  Captain 
Turner,  who  had 
reached  the  conclusion 
that  lead  occurred  in 
the  Oneota,  and  had 
done  considerable  pros- 
peeting  at  various 
points. 

The  location  is  on  a 
hillside  that  slopes  to 
the  north  and  east. 
While  the  general  di- 
rection of  the  crevice 
is  nearlj-  north  and 
south  (S  10=  E.),  its 
course  is  not  straight 
but  zigzags  back  and 
forth  within  certain 
limits,  so  that  a  shaft 
sunk  on  the  general  line  of  the  Assure  may  be  several  feet  out 
of  the  way. 
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The  sheet  has  been  followed  1,000  feet  and  its  limits  have 
not  been  reached  either  to  the  north  or  south.  At  the  north 
end  of  the  present  workings  the  Assure  is  interrupted  by  a 
ravine  and  the  sheet  thus  outcrops.  There  is  reason  for  sup- 
posing that  it  will  be  found  again  upon  the  other  side.  The 
main  body  of  the  sheet  has  a  vertical  extent  of  from  twenty- 
flve  to  thirty  feet,  and  a  width  of  from  three  to  four  inches. 
A  shaft  was  sunk  113  feet  to  the  Saint  Croix  or  Potsdam  sand- 
stone, and  Galena  was  found  in  small  quantities  downward  to 
within  four  or  five  feet  of  the  latter.  The  bulk  of  the  ore  is, 
however,  about  fifty  feet  above  the  sandstone. 

The  sheet  of  lead  is  either  interbedded  in  the  crevice  clay 
or  fills  the  entire  space  between  the  rock  walls.  Where  it 
extends  south  under  the  bill  and  has 
been  little  exposed  to  weathering 
agencies,  the  sides  of  the  fissure  have 
not  undergone  decomposition  and  the 
sheet  is  in  contact  with  the  rock. 
In  other  places  where  examined  an 
inch  or  so  of  clay  was  found  between 
it  and  the  limestone,  the  crevice  in 
this  case  being  from  six  to  eight 
inches  wide.  Again,  the  fissure  may 
open  out  until  it  has  a  width  of  three  t.,„,  „,  i_^^  ,„  ,^^,„j  „^,,„, 
or  four  feet,  and  then  be  filled  with  {'."^"^Tne.""^''  "'  """■  ^""""^ 
clay  with  the  sheet  of  ore  against  the 

wall.  In  sueh  a  case  the  ore  commonly  lies  against  the  east 
wall,  or  toward  the  lower  side  of  the  hill.  The  sheet  does  not 
extend  vertically  to  the  surface,  but  in  the  upper  eight  or  ten 
feet  curves  over  toward  the  east  or  down  the  slope.  Evi- 
dently there  has  been  a  slipping  of  the  hillside  which  has  car- 
ried with  it  the  top  of  the  sheet,  this  bending  being  a  result. 

The  mine  has  been  worked  by  means  of  three  or  four  shafts 
from  thirty  to  sixty  feet  deep.  From  these,  drifts  are  run  in 
each  direction  at  various  levels,  and  thus  the  ore  is  removed. 
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At  the  north  end  of  the  present  workings  a  tunnel  has  also 
been  cut  along  the  side  of  the  sheet. 

Most  of  the  ore  is  taken  out  in  pieces  of  considerable  size. 
The  Galena  is  filled  with  many  cavities,  often  lined  with  crys- 
tals of  lead  carbonate  or  Cerussite,  formed  by  the  alteration  of 
the  sulphide.  One  sample  showed  80.55  per  cent  of  leard. 
The  ore  contains  nearly  four  ounces  of  silver  to  the  ton.  At 
the  present  time  (November,  1895)  the  production  has  reached 
500,000  pounds  with  excellent  prospects  for  the  future. 

The  following  reference  to  the  occurrence  of  lead  in  the 
Saint  Croix  is  found  in  Professor  Calvin's  report  on  Allamakee 
county.  * 

' '  While  the  Oneota  limestone  is  the  lead-producing,  and  in 
general  the  lead-bearing  rock  of  Allamakee  county,  some  ore 
bodies  are  occasionally  found  in  the  underlying  Saint  Croix 
sandstone.  The  Saint  Croix  lead  ore  was  doubtless  deposited 
by  descending  waters  that  became  charged  with  salts  of  lead 
while  passing  through  the  Oneota  limestone  and  reached  the 
Saint  Croix  before  the  sulphide  was  precipitated.  Concern- 
ing one  of  these  deposits  very  recently  worked  on  the  Lan- 
sing company's  property  Mr.  Trewin  writes:  *We  took 
several  thousand  pounds  from  the  Potsdam  (Saint  Croix) 
sandstone,  but  there  does  not  seem  to  be  much  yield  in  that 
formation. '  The  ore  body  of  the  Saint  Croix  referred  to  by 
Mr.  Trewin  lay  in  a  fissure  in  the  sandstone  immediately 
beneath  the  lead-bearing  crevice  of  the  Oneota  from  which 
the  Lansing  Mining  and  Smelting  Co.  have  taken  practically 
all  of  the  ore  thus  far  produced.  It  occurred  at  the  north 
end  of  the  mine,  where  a  ravine  cuts  transversely  to  the 
crevice,  and  all  the  ore  contained  in  the  sandstone  was  found 
within  a  hundred  feet  of  the  face  of  the  bluflf . ' ' 

Lead  was  formerly  mined  at  one  other  locality  in  Allamakee 
county,  on  Mineral  creek  (Tp.  99,  R.  VI  W.,  Sec.  13),  about 
two  and  one-half  miles  south  of  where  it  empties  into  the 
Oneota.      Near  the  confluence  of  the  two  streams,  a  small 

♦Iowa  Gool.  Survey,  Vol.  IV,  p.  107. 
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town,  New  Galena,  sprang  up,  and  during  the  years  1856-57 
prospecting  and  mining  were  actively  carried  on.  The  mines 
were  in  the  upper  part  of  the  Oneota  limestone,  not  far  from  its 
juncture  with  the  Saint  Peter  sandstone.  Mineral  creek  has 
cut  its  valley  through  this  sandstone  and  well  down  into  the 
underlying  limestone  which  here  has  an  exposed  thickness 
of  more  than  100  feet.  This  latter  rock  shows  evidence  of 
considerable  disturbance,  being  more  or  less  brecciated,  and 
has  been  recemented  by  siliceous  material.  It  is  full  of 
cherty  or  flinty  matter  and  is  very  impure. 

The  mines  were  on  a  hillside  and  were  worked  by  means  of 
short  drifts.  Instead  of  being  in  crevices  the  ore  occurred 
scattered  through  the  limestone,  necessitating  considerable 
blasting.  None  of  the  drifts  extended  more  than  forty  to 
fifty  feet  from  the  surface  as  the  mineral-bearing  rock  did 
not  reach  a  greater  depth.  To  separate  the  mineral  great 
heaps  were  constructed  with  wood  intermingled  with  the 
rock.  These  were  fired,  and  after  the  fire  had  done  its 
work,  the  heat  was  found  to  have  been  insufficient  to  melt 
the  Galena.  It  had  only  broken  the  rock  into  small 
pieces.  Then  this  was  washed  and  the  mineral  was  separa- 
ted. The  latter  was  smelted  in  a  furnace  located  at  the 
mouth  of  Mineral  creek.  During  the  two  years  that  the 
mines  were  in  operation  sixty-three  pigs  were  turned  out  and 
this  trifling  return  represents  almost  the  entire  product  of 
this  district.  When  the  locality  was  visited  early  in  1894 
some  prospecting  was  in  progress,  but  with  little  chance  of 
success.  Float  lead  is  found  quite  abundantly  in  the  county, 
and  the  Oneota  probably  conta^ins  more  or  less  of  this  mineral. 
But  it  is  doubtful  whether,  as  a  rule,  the  ore  occurs  in  well 
defined  crevices  and  in  amounts  sufficient  to  make  the  mining 
profitable. 

ORIGIN  OF  THE  ORE  DEPOSITS. 

The  question  of  the  origin  of  the  lead  and  zinc  deposits  is 
one  of  much  practical  importance  as  well  as  great  scientific 
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interest.  The  subject  has  recently  come  into  renewed 
prominence  and  has  been  ably  discussed  by  Winslow,  Jenney, 
Blake  and  others,  all  of  whom  are  well  acquainted  with  the 
^[ississippi  valley  deposits. 

In  treating  of  the  genesis  of  these  deposits  it  will  be  well 
to  consider  in  the  first  place  the  original  source  of  the  lead 
and  zinc  and  the  manner  in  which  the  ores  came  to  be  confined 
to  certain  districts,  and  then  to  diseusa  the  formation  of  the 
crevices  and  the  deposition  of  the  ore  in  these  receptacles. 

Original  Sofirce  of  the  Lead  and  Zinc. — For  the  source 
whence  the  materials  were  originally  derived  we  must  doubt- 
less look  to  the  primitive  Archean  rocks  forming  the  land 
mass  to  the  north.  As  this  was  washed  away  and  its 
materials  carried  into  the  Silurian  sea,  the  waters  became 
charged  with  metallic  salts  which  were  deposited  along  with 
the  limestones.  The  chief  agent  in  the  pi'ec-ipitation  of  the 
metals  appears  to  have  been  the  organic  life  so  abundant 
during  this  period.  The  death  and  decay  of  the  vast  multi- 
tudes of  brachiopods.  mollusks.  and  other  forms  gave  rise  to 
aulphureted  giises.  These  gases  were  doubtless  verj' 
effective  in  precipitating  the  metallic  sulphides  which  were 
thus  deposited  ;ilong  with  the  sediments. 

Localizadon  of  /A*-  I>ep<>si(s. — One  fact  in  connection  with 
these  deposits  is  difficult  of  explanation  on  the  theor\'  of 
oceanic  deposition:  namely,  the  localization  of  the  ore  bodies. 
These  bodies  are  confined  to  certain  districts,  outside  of 
which  the  ground  is  nearly  or  quite  barren,  although  as  far 
as  can  be  seen  the  conditions  are  quite  as  favorable.  For 
example,  the  Dubuque  mines  are  confined  to  an  area  of  some 
twenty  square  miles,  while  to  the  north  and  south  the  Galena 
limestone  carries  no  ore  though  everywhere' cut  bv  numerous 
crevices  favoi-able  for  its  reception.  The  same  is  true  of  the 
many  raining  districts  of  Wisconsin  and  Missouri.  The  mines 
are  noticeably  grouped  about  certain  centers,  while  the  sur- 
rounding eoimtiy  is  unjiroductive.  The  natui-al  supposition 
would  be  that  the  minei-als  were  everywhere  equally   dis- 
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seminated  through  the  rock  and  that  they  have  been  leached 
out  and  deposited  in  the  fissures  only  in  certain  favorable 
localities.  But  this  is  hardly  probable  in  view  of  the  fact 
that  the  conditions  are  apparently  just  as  favorable  for  the 
formation  of  ore  bodies  in  the  barren  districts  as  in  the  pro- 
ductive ones.  How  then  can  the  localization  of  the  deposits 
be  accounted  for  on  the  generally  accepted  theory  that  the 
lead  and  zinc  were  contained  in  the  oceanic  waters  and  were 
distributed  through  the  rocks  at  the  time  of  their  formation  ? 

Prof.  J.  D.  Whitney,*  over  thirty  years  ago,  published  an 
elaborate  report  on  the  lead  region  and  discussed  at  consider- 
able length  the  origin  of  the  deposits.  His  views  differed 
quite  radically  from  those  of  Messrs.  Owen  and  Percival, 
who  had  maintained  that  the  metals  were  derived  from  great 
depths.  Professor  Whitney  was  the  first  to  advance  the 
theory  that  the  metallic  salts  were  held  in  solution  in  the 
waters  of  the  ancient  sea,  and  were  thrown  down  by  organic 
matter  or  the  sulphureted  hydrogen  arising  from  its  decay. 
But  no  satisfactory  explanation  was  given  for  the  localization 
of  the  lead  and  zinc. 

Professor  Chamberlainf  attributes  the  original  concentra- 
tion of  the  deposits  to  the  currents  of  the  old  Silurian  sea. 
The  oceanic  waters  impregnated  with  metallic  salts  derived 
from  the  leaching  of  the  adjacent  lands  were  borne  by  cur- 
rents to  areas  where  there  was  an  abundance  of  organic  life, 
and  here  the  metals  would  be  extracted  and  thrown  down 
along  with  the  sediments. 

Mr.  Arthur  WinslowJ  has  recently  advanced  a  somewhat 
different  hypothesis  concerning  the  origin  of  the  Missouri 
ore  bodies.  He  holds  that  the  concentration  is  due  to  the 
surface  decomposition  of  the  rocks.  "According  to  our 
theory  the  concentration  is  entirely  secondary.  It  is  pri- 
marily a  result  of  great  and  long-continued  surface  decay  of 
the  rocks ;  and  secondarily  the  result  of  the  presence  of  local 

♦Geology  of  Wisconsin,  1882. 

+Geol.  Wisconsin,  Vol.  IV,  p.  689, 1882. 

f  Missouri  Geol.  Surv.,  Vol.  VII,  p.  477.    Jefferson  City,  1894. 
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favorable  physical  and  chemical  conditions.''  The  hypothe- 
sis starts  with  the  proposition  that  the  minerals  existed  in 
the  Archean  rocks,  and  with  the  decay  of  these  became  dif- 
fused through  the  later  formed  sediments.  It  will  be  noticed 
that  this  theory  agrees  with  that  of  Chamberlain  in  recog- 
nizing the  presence  of  the  minerals  in  the  country  rocks  and 
the  derivation  of  the  deposits  from  them ;  but  it  differs  in 
maintaining  a  condition  of  general  diffusion,  rather  than  one 
of  concentration  over  certain  favored  areas. 

The  evidence  is  abundant  that  very  extensive  sub-aerial 
decay  has  befallen  the  rocks  in  the  Missouri  region,  and  dur- 
ing successive  geological  periods  many  hundreds  of  feet  have 
been  removed.  Mr.  Winslow  believes  that  in  the  Wisconsin- 
Iowa  area  the  same  processes  were  long  operating  to  concen- 
trate the  ores.  It  has  already  been  stated  that  the  district 
is  unglaciated,  and  thus  has  long  been  exposed  to  atmospheric 
agencies  by  which  the  rocks  were  extensively  decomposed. 

Mr.  W.  P.  Blake,*  who  is  familiar  with  the  Wisconsin 
deposits,  seems  to  hold  something  of  the  same  view  as  Wins- 
low,  if  we  may  judge  from  the  following  words:  "The  evi- 
dence is  strongly  in  favor  of  the  view  of  the  long-continued 
decomposition,  downward  flow  and  recomposition  of  not  only 
the  ores  of  zinc  but  of  lead  and  of  the  pyrite  from  the  upper 
formations  to  the  lower,  as  the  general  water-level  of  the 
region  subsided  and  as  the  upper  formations  by  long  con- 
tinued exposure  through  geologic  ages  were  gradually 
decomposed  in  place.  By  such  a  process  ,the  present  zinc 
deposits  would  seem  to  have  accumulated  and  to  represent 
the  originally  diffused  ores  in  many  formations,  possibly  as 
high  in  the  geologic  scale  as  those  of  Missouri,  or  the  Lower 
Carboniferous.  This  is,  however,  improbable  owing  to  the 
dense  and  impervious  nature  of  the  intervening  Hudson  river 
(Maquoketa)  shales."  It  would  seem  that  this  impervious 
character  of  the  shales  constitutes  a  serious  objection  to 
Winslow's  theory  as  applied  to  the  Iowa  deposits.     The  ore- 

•Trans.  Am.  Inst.  Ming.  Eng.,  Vol.  XXll,  p.  OSl.  New  York,  UM. 
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bearing  beds  are  commonly  overlain  by  these  shales  and  ore 
occurs  mostly  near  the  top  of  the  Galena  limestone.  Grant- 
ing that  the  overlying  Niagara  and  Maquoketa  formations 
were  impregnated  with  lead  and  zinc,  it  would  hardly  have 
been  possible  for  these  to  make  their  way  in  solution  through 
the  impervious  shales.  In  other  words  there  could  not  have 
been  in  this  area  a  very  extensive  downward  flow  and  re-com- 
position of  the  ores.  The  process  has  doubtless  been  going 
on  within  the  Galena  formation  itself  and  may  have  caused 
some  local  concentration,  but  the  limestone  has  not  under- 
gone very  extensive  decomposition  in  situ,  and  the  ore  is 
found  largely  in  the  upper  beds. 

For  these  reasons,  while  Chamberlain's  theory  of  ocean 
currents  may  appear  somewhat  too  hypothetical,  it  furnishes 
on  the  whole  the  most  plausible  explanation  yet  offered  for 
the  localization  of  the  Upper  Mississippi  deposits. 

Formation  of  the  Crevices. — Cavities  and  crevices  in  the 
rocks  are  formed  in  several  different  ways.  They  may  result 
from  contraction  due  to  solidification,  drying  or  cooling.  A 
familiar  example  of  this  process  is  seen  in  the  cracks  found 
in  basalt.  It  is  probable  that  some  of  the  joints  of  sedi- 
mentary rocks  have  had  the  same  origin. 

But  the  most  important  cause  of  fracture  is  found  in  the 
movements  of  the  earth's  crust,  producing  a  folding  and 
crumpling  of  the  strata.  When  such  anticlinals  and  syn- 
clinals are  formed,  the  rocks  are  fissured  by  the  strain  to 
which  they  are  subjected.  Should  the  walls  of  the  fissure 
slip  over  each  other,  one  side  being  raised  or  lowered,  a  fault 
would  result.  The  fractures,  when  once  formed,  become  the 
channels  for  subterranean  drainage,  and  thus  are  enlarged 
and  modified  by  the  dissolving  power  of  water. 

The  crevices  of  the  Upper  Mississippi  region  are  appar- 
ently due  to  the  second  cause.  Extending  east  and  west 
through  the  lead  district  are  numerous  undulations  of  the 
strata.  These  flexures  were  doubtless  the  chief  agent  in  the 
production  of    the  crevices.      As    the    strata  were  slowly 

6  GBep 
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elevated  the  heavily  bedded  limestones  were  fiss.ured  in  a  direc- 
tion parallel  to  the  axis  of  elevation,  and  crevices  more  or 
less  open  were  formed.  In  a  direction  at  right  angles  little 
force  was  exerted,  and  the  beds  were  simply  fractured,  pro- 
ducing the  narrow  north  and  south  fissures.  It  is  also 
possible  that  the  latter  may  be  due  to  the  contraction  of  the 
rock  as  it  solidified. 

It  is  to  be  noted  that  the  ore  deposits  of  this  region  do  not 
occur  as  fissure  veins  of  indefinite  extent  in  depth,  but  are 
what  are  known  as  ''  gash  veins  "  of  limited  extent  and  con- 
fined to  one  rock  series. 

Filling  of  the  Crevicen, — Two  opposite  views  are  at  present 
held  concerning  the  source  from  which  veins  have  derived 
their  metalliferous  contents.  (1)  It  is  claimed  on  the  one 
hand  that  the  minerals  have  been  deposited  from  hot  solu- 
tions rising  through  fissures  from  profound  depths.  The 
solvent  power  of  such  waters  would  be  great  on  account  of 
the  temperature  and  pressure,  and  they  would  thus  be  rich  in 
mineral  materials  which  would  be  deposited  on  cooling,  or  on 
relief  from  pressure.  This  is  the  view  so  ably  advocated  by 
Professor  Posepny  in  his  recent  paper  on  the  '*  Genesis  of 
Ore  Deposits,"*  and  it  has  among  its  supporters  many  emi- 
nent geologists  and  mining  engineers.  (2)  Opposed  to  this 
ascension  theory  is  that  of  lateral  secretion,  according  to 
which  the  contents  of  the  vein  are  derived  from  the  wall  rock 
itself,  instead  of  from  unknown  depths.  A  broad  interpreta- 
tion of  this  theory  does  not  necessitate  the  derivation  of 
the  minerals  from  the  rock  directly  bounding  the  vein,  but 
admits  that  they  may  have  been  leached  out  from  a  consider- 
able distance  on  all  sides.  It  supposes  that  there  is  a  free 
circulation  of  surface  water  through  cre\ices  and  porous 
strata,  and  consequently  a  ready  transfer  of  solution  would 
result.  These  waters  may  traveree  the  rocks  in  any  direc- 
tion, and  mav  thus  in  some  cases  rise  and  be  said  to  come 
from  below.     Or  again,  they  may  flow  into  the  crevice  either 

*TraDS.  Am.  Inst.  Ming.  Eng.,  XXIII,  p.  197.  New  York,  1894. 
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from  the  sides  or  from  above.  This  broad  conception  of  the 
lateral  secretion  theory  has  much  in  common  with  the  one 
first  named.  But  it  differs  from  that,  however,  since  it  does 
not  necessitate  the  presence  of  profound  fissures  or  faults, 
nor  the  rising  of  the  heated  waters  through  these  from  great 
depths. 

A  third  view  as  to  the  origin  of  ore  deposits  is  mentioned 
by  Professor  Kemp.*  It  is  held  by  a  number  of  careful 
observers  and  was  brought  into  prominence  by  Emmonst  in 
his  report  on  the  Leadville  region.  According  to  the  replace- 
ment theory,  as  it  is  called,  no  large  cavity  is  supposed  to 
have  previously  existed.  There  is  a  circulation  of  ore-bear- 
ing solutions  which  interchange  their  metallic  contents,  mol- 
ecule by  molecule,  for  the  substance  of  the  rock.  The  ore 
body  in  this  case  has  no  well  defined  limits  but  shades  off 
gradually  into  the  barren  country  rock. 

We  are  now  ready  to  inquire  which  one  of  the  above  theories 
explains  in  the  most  satisfactory  way  the  source  of  the  Iowa 
deposits.  There  seems  to  be  little  doubt  that  to  the  process 
of  lateral  secretion  is  due  the  deposition  of  the  ores  in  the 
crevices  and  that  they  have  thus  been  derived  from  the  lime- 
stone whence  thej^  have  been  leached  by  surface  waters. 

The  view  that  the  metal-bearing  solutions  came  from  below 
is  strongly  advocated  by  Professor  Jenneyi  who  holds  that 
the  Mississippi  valley  ores  have  been  deposited  by  hot  waters 
rising  through  fissures. 

But  there  are  numerous  objections  to  this  theory  as  applied 
to  the  region  under  consideration  and  among  them  may  be 
mentioned  the  following:  (1)  No  true  fissures  extending  to 
great  depths  have  been  discovered.  (2)  Faults  are  of  rare 
occurrence,  and  where  they  are  occasionally  found  have  no 
apparent  connection  with  the  deposits.  (3)  The  ores  exist 
only  in  comparatively  small  amounts  in  the  underlying  Saint 

*Ore  Deposits  of  the  United  States.   New  York,  1806. 

tThe  Geology  and  Mining  Industry  of  Leadville,  with  atlas,  Monograph  Xll,  U.  S.  Oeol. 
Surv.,  Washington,  1886. 

$The  Lead  and  Zinc  Deposits  ot  %hp  Mississippi  Valley:  Trans.  Am.  Inst.  Ming.  Eng.,  Vol. 
XXII,  p.  171.    New  York,  1804, 
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Peter  sandstone  and  Oneota  limestone,  and  are  almost  alto- 
gether absent  from  the  Saint  Croix  or  Potsdam  formation. 

On  the  other  hand  there  are  many  facts  connected  with  the 
mode  of  occurrence  of  the  ores  which  go  to  prove  that  the 
waters  came  from  above.  Masses  of  Galena  are  frequently 
found  suspended  from  the  roof  of  the  openings.  These  could 
only  have  been  formed  by  waters  that  reached  the  crevices 
from  the  upper  strata.  A  few  miles  south  of  Dubuque 
crevices  are  met  with  identical  in  every  respect  with  the  ore- 
bearing  fissures  farther  north,  but  instead  of  carrying  lead 
and  zinc,  except  in  small  amounts,  they  are  decorated  with 
great  numbers  of  stalactites  and  stalagmites.  The  ore 
deposits  of  the  region  have  evidently  had  the  same  origin  as 
these  lime  formations,  and  no  one  questions  the  fact  that  the 
latter  are  due  to  moisture  trickling  down  from  above. 

In  order  that  the  theory  of  lateral  secretion  may  be  well 
established  it  must  be  shown  that  the  metals  are  diffused 
through  the  country  rock.  The  necessary  analyses  have  not 
been  made  for  the  Iowa  region,  but  Winslow  in  his  lead  and 
zinc  report*  shows  that  the  limestones  and  crystalline  rocks 
of  Missouri  do  contain  small  quantities  of  these  minerals. 

''The  amounts  of  metallic  lead  vary  from  about  .0004  to 
.007  per  cent,  of  metallic  zinc  from  about  .0002  to  .018  per 
cent,  and  of  copper,  magnese  and  barite  there  are  correspond- 
ingly small  amounts.  It  thus  appears  on  this  hypothesis, 
which  does  not  require  that  the  ores  should  come  from  the 
immediately  adjacent  wall  rocks,  that  the  metalliferous  con- 
tents of  the  country  rocks  are  ample  to  supply  the  ore 
deposits. ' ' 

There  is  every  reason  to  believe  that  the  Galena  limestone 
of  Iowa  also  contains  small  quantities  of  lead  and  zinc,  and 
that  these  have  been  leached  out  by  percolating  waters  and 
deposited  in  the  crevices. 

It  is  not  uncommon  to  find  small  particles  of  Galena  or 
sphalerite  in  the  different  limestone  formations  of  the  state. 

*  Missouri  Geol.  Burv..  Vol.  VII,  p.  478.    Jefferson  Olty,  1894. 
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In  the  Oneota  small  pockets  of  lead  are  very  common  and 
denote  the  presence  of  this  mineral  in  considerable  abun- 
dance. 

GENERAL  METHODS  OP  WORKING  THE'  MINES. 

In  working  the  mines  the  veiy  simplest  methods  are  used. 
Expensive  machinery  has  never  been  employed  in  the  Iowa 
region.  Only  a  few  of  the  shafts  have  reached  a  depth 
greater  than  200  feet,  and  the  majority  are  less  than  this. 
The  most  common  method  of  hoisting  the  ore  is  by  means  of 
the  windlass.  In  the  larger  mines,  however,  it  is  customary 
to  use  a  gin.  The  latter  consists  of  a  large  wooden  drum, 
six  to  eight  feet  in  diameter,  which  revolves  in  a  horizontal 
plane  and  is  turned  by  horse  power.  The  only  steam  hoist  in 
the  Dubuque  district  is  the  one  recently  put  in  by  the 
Dubuque  Lead  Mining  Co.  The  same  company  has  a  steam 
pump  in  operation  in  their  mines,  by  means  of  which  the 
water  has  been  lowered  so  that  ore  is  being  taken  from  one 
of  the  deeper  openings.  As  already  stated  the  Durango  zinc 
mine  is  worked  by  an  open  cut.  The  ore  is  loaded  directly 
into  the  wagons  as  it  is  removed  and  is  taken  down  to  the 
neighboring  stream  and  washed  as  described  above.  Some 
of  the  mines,  such  as  those  at  Guttenberg,  have 'been  worked 
by  means  of  drifts  run  into  the  hillside  but  in  the  great 
majority  of  cases  the  openings  are  reached  by  shafts. 

STATISTICS. 

The  following  is  a  list  of  the  principal  lead  and  zinc  mining 
companies  of  the  state: 

Dubuque  Lead  Mining  Co.,  A.  W.  Hosford,  president;  E.  T. 
Goldthorp,  superintendent. 

Lansing  Mining  &  Smelting  Co.,  J.  H.  Trewin,  president. 

Dubuque  Zinc  &  Lead  Mining  Co. ,  E.  T.  Goldthorp,  super- 
intendent. 

The  four  companies  which  follow,  own  and  operate  zinc 
mines  in  the  city  of  Dubuque: 


66  LEAD  AND  ZINC  DEPOSITS  OF  IOWA. 

Trueb,  Southwell  &Co. ;  James  Hird  &  Son;  Howe,  Alex- 
ander &  Sellers  Mining  Co. ;  Dexter  &  Hird. 

Royce  &  Co.,  and  the  Key  City  Co.,  are  operating  mines 
near  Dubuque. 

Most  of  the  zinc  mines  have  been  closed  for  nearly  two 
years  on  account  of  the  low  price  paid  for  carbonate,  the 
average  being  only  $5  to  S6  per  ton  the  past  year.  About 
800  tons  were,  however,  sold  at  these  figures.  There  are  very 
large  quanties  of  ore  in  sight  in  these  mines  as  even  a  brief 
inspection  clearly  shows,  and  they  are  capable  of  yielding 
thousands  of  tons  for  some  years  to  come. 

All  the  zinc  carbonate  from  the  Iowa  mines  is  bought  by 
Mineral  Point,  Wisconsin,  smelters,  where  it  is  used  in  the 
manufacture  of  paint.  The  price  of  the  ore  has  advanced 
somewhat  within  a  few  months  with  prospects  of  a  still 
further  rise.  Until  the  past  year  or  two  the  dry  bone  has 
brought  from  S12  to  S18  per  ton,  according  to  the  qualitj". 

Most  of  the  lead  from  the  Dubuque  district  is  sold  to  W.  G. 
Waters,  who  has  a  smelter  a  short  distance  south  of  the  city. 
The  lead  from  the  Lansing  mine  is  sent  to  Chicago  to  be 
smelted.  The  price  of  lead  is  also  low  at  present,  mineral 
which  formerly  sold  at  S20  to  S22  now  bringing  only  S17  per 
thousand  pounds. 

The  output  of  the  Iowa  mines  for  the  past  year  (1895)  can 
be  given  only  approximately.  They  have  produced  about 
750,000  pounds  of  lead  ore  and  from  3,000  to  3,500  tons  of  zinc. 
But  it  must  be  remembered  that  most  of  the  zinc  mines  have 
been  closed  during  the  past  two  seasons.  They  are  easily 
capable  of  yielding  from  8,000  to  10,000  tons  of  ore  annually. 
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SITUATION   AND  BOUNDARIES. 


INTRODUCTION. 


The  Sioux  quartzite  is  a  southwestward  prolongation  of 
"Minnesota  Point."*  It  extends  across  the  northwestern 
corner  of  Iowa  and  underlies  about  equal  areas  in  South 
Dakota  and  Minnesota.  Its  extreme  eastern  limit  of  outcrop 
is  marked  approximately  by  Redstone,  at  the  junction  of  the 
Cottonwood  and  Minnesota  rivers,  while  its  most  westerly 
exposure  is  near  Mitchell  on  the  James  river.  It  has  a  max- 
imum width   of   sixty  miles  extending  from  Flandreau,   its 


in  split  Buck  creek&ttbe  Pal  land 


northern  limit,  to  Canton,  just  within  its  southern  boundary. 
The  formation,  although  generally  concealed  by  glacial 
debris  and  by  scattered  patches  of  Cretaceous,  probably 
extends  over  an  area  of  more  than  6,000  square  miles,  t 


•Oeology  of  Wisconsin.  Vol.  IV,  p.  tS3.    ISTI-IBTV. 
t  FoT  &  bUtoiiCKl  Tesome  of  the  llteratare  od  tbe  Bloux  qnartzlte,  see 
Bar.  Minn.,  Vol.  I>  pp.  SST-SIB.    Also  Iowa  Acftdem;  ot  Bclences.  Vol..  II, 
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TOPOGRAPH  V, 
A  southwestward  extension  of  the  "  Couteau  des  Prairies  " 
traverses  the  quartzite  area  at  right  angles,  a  short  distance 
east  of  its  middle,  forming  a  watershed  for  the  tributaries  of 
the  Mississippi  and  Missouri  drainage  systems.  The  crest  of 
the  Coteau,  at  its  middle  point  in  the  quartzite  area,  has  an 
elevation  of  nearly  2,000  feet  above  sea  level.  There  is  a 
gentle  slope  westward  to  the  James  river,  which,  in  the  vicin- 
ity of  Mitchell,  has  an  altitude  of  about  1,200  feet.  The 
eastward  slope  inclines  rather  more  rapidly  toward  the  Min- 
nesota river,  where,  near  the  mouth  of  the  Cottonwood,  the 
elevation  is  considerably  less  than  1,000  feet.  The  divide 
which  separates  the  Red  river  valley  from  the  valley  of  the 


Big  Sioux  lies  some  distance  to  the  north  of  the  quartzite 
belt,  so  that  the  surface  of  the  formation  as  a  whole  pitches 
southward  at  a  low  angle.  The  Big  Sioux  river,  with  its  trib- 
utaries, drains  the  major  portion  of  the  area  covered  by  the 
quartzite  in  Dakota. 

The  streams  have  high  gradients,  and  Iiave  deeply  incised 
the  region.     Rapids  and  falls  are  not  uncommon.     The  flood 


EROSION  FORMS  IN  THE  QUARTZITE. 
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plains  are  narrow,  and  in  some  instances,  as  along  Split  Rock 
creek  at  the  "palisades"  and  the  Big  Sioux  at  Dell  Rapids, 
there  are  canyons  whose  vertical  walls  range  from  fifty  to 
seventy  feet  in  height.  In  both  of  the  above  eases,  canyon 
cutting  is  not  confined  to  the  main  stream,  but  is  being  per- 
formed by  the  side  branches  as  well.  As  an  illustration  of 
the  sculpturing  done  by  the  short  lateral  branches,  may  be 
mentioned  a  case  which  occurs  about  one  mile  north  of  the 
Palisades.  At  this  point  a  gulch  makes  oS  at  right  angles 
from  the  main  stream  and  extends  eastward  more  than  a  mile. 


FiQ.  SS.   Jasper  pool,  near  the  north nesteni 


It  is  a  narrow  gorge  which,  in  places,  has  reached  a  depth  of 
from  seventy-five  to  nearly  100  feet.  This  appears  the  more 
striking  in  that  the  surface  features  of  the  prairie  give  no 
indication  of  the  pi-esence  of  the  gorge  until  one  is  in  close 
proximity  to  its  edge.  The  erosion  forms  developed  in  the 
quartzite  area  are  well  shown  at  Jasper  pool  in  Lyon  county, 
Iowa. 


( 
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SPECIAL  AREA  CONSIDERED. 

In  the  following  paper  is  given  an  account  of  the  structural 
relations  existing  between  the  Sioux  quartzite  and  associated 
rocks  as  found  exposed  in  sections  10,  11,  14,  15,  22  and  23, 
Tp.  102  N.,  R.  XLVIII  W.,  Minnehaha  county.  South  Dakota. 
Detailed  petrographical  descriptions  of  the  rocks  outcropping 
in  the  region  are  also  given.  From  the  description  of  this 
area,  which  may  be  considered  typical  for  the  whole  forma- 
tion, it  is  hoped  that  there  may  be  established  a  more  sub- 
stantial basis  for  the  correlation  of  the  beds  occurring  within 
the  district  with  formations  of  other  areas  of  known  age. 

The  special  area  in  question  is  located  about  twelve  miles 
northeast  of  Sioux  Falls.  Corson  station,  on  the  Great 
Northern  Railway,  is  just  within  the  southern  limit  of  the 
area  and  is  a  central  point  in  the  greater  quartzite  region. 
Split  Rock  creek,  a  tributary  of  the  Big  Sioux,  meanders 
through  the  area  from  north  to  south  and  is  flanked  on  either 
side  by  a  chain  of  hills,  the  summits  of  which  rise  to  a  height 
of  nearly  100  feet  above  the  channel  of  the  stream.  The 
valley  of  this  stream,  measured  from  crest  to  crest,  is 
about  one  mile  in  width.  Near  the  northeast  corner  of  the 
northeast  quarter  of  section  15,  an  isolated  hill,  Keyes  knob, 
rises  within  the  valley  and  is  the  most  prominent  topographic 
feature  in  the  vicinity.  * 

GEOLOGICAL   FORMATIONS. 
NIOBRARA. 

Originally,  the  Niobrara  probably  formed  a  continuous 
mantle  over  the  older  formations  in  the  region;  but,  on 
account  of  the  readiness  with  which  it  succumbs  to  weather- 
ing and  erosive  agencies  it  has  been  removed  largely  or  so 
thoroughly  worked  over  and  incorporated  into  the  drift  that 
only  a  few,  small,  isolated  areas  have  maintained  their  iden- 
tity. Exposures  of  the  chalk  beds  of  this  terrain  occur  at  cer- 
tain points  where  the  creek  impinges  on  one  side  or  the  other  of 
its  flood  plain.     The  maximum  elevation  of  the  chalk  is  not 
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more  than  twenty  feet  above  the  stream  channel.  The 
remnants  probably  mark  out  the  position  occupied  by  the 
river  vaUey  during  pre-Cretaceous  times. 

The  "chalk  rock"  is,  when  fresh,  a  dirty  gray  color,  but 
soon  whitens  upon  exposure.  It  is  of  a  porous  nature  and 
percolating  waters  easily  circulate  through  it.  The  rock 
often  becomes  cavernous  as  a  result  of  the  removal  of  the 
calcium  carbonate,  and  cherty  concretions,  present  in  all  the 
rock,  become  then  a  more  prominent  feature.  The  chalk  is 
thinly  bedded.  The  weathering  agencies  have  in  many 
instances  almost  obliterated  bedding  planes,  so  that  it  is 
impossible  to  determine  dip  and  strike  with  any  degree  of 
certainty;  but  in  all  probability,  the  planes  of  stratification 
do  not  depart  far  from  the  horizontal. 

At  the  point  marked  Bx  on  the  map  the  chalk  is  exposed 
horizontally  a  distance  of  about  200  yards  on  the  east  side  of 
Split  Rock  creek,  and  presents  a  maximum  vertical  exposure 
of  about  sixteen  feet.  The  overlying  drift  contains  fragments 
of  spotted  slate. 

QUARTZITE. 

The  quartzite,  as  already  mentioned,  forms  a  base  upon 
which  the  later  sediments  have  been  deposited  and  through 
which  the  diabase  (to  be  described  later)  must  have  broken. 
There  is  an  almost  continuous  exposure  from  a  central  point 
on  the  north  boimdary  of  section  26  to  the  center  of  section 
11.  No  quartzite  was  found  in  situ  on  the  west  bank  of  Split 
Rock  creek,  nor  west  of  the  line  AB.  (See  plate  iv.)  This 
line  marks  a  ravine  which  almost  connects  the  two  limbs  of 
the  large  bend  in  the  creek.  The  dip  of  the  rock  varies  from 
3  to  7  degrees,  in  a  southwesterly  direction.  At  the  points  A 
and  F  are  vertical  scarps  rising  about  twelve  feet  above  the 
water  in  the  creek.  The  quartzite  at  A  is  capped  with 
"chalk."  At  H  on  the  map,  the  quartzite  outcrops  in  the 
open  prairie  and  is  exposed  over  a  superficial  area  of  some 
twenty  acres.  It  also  forms  a  low  escarpment  along  the 
ravine  previously  mentioned.     Along  this  ravine  the  quartzite 
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breaks  into  large  euboidal  or  trapezoidal  blocks,  as  a  result 
of  the  presence  of  two  systems  of  vertical  cracks  which  are 
nearly  at  right  angles  to  each  other  and  conform  closely  to 
the  cardinal  points  of  the  compass.  These  two  sets  of  joints 
are  common  throughout  the  formation  and  to  them  are  due  the 
vertical-walled  canyons  and  square-faced  escarpments  which 
form  such  characteristic  features  in  the  Sioux  quartzite  topog- 
raphy. The  exposed  surface  of  the  rock  is  often  beautifully 
wind  polished*  not  unlike  the  mirror-like  surfaces  presented 
by  the  Mountain  sandstone  which  caps  many  of  the  summits 
of  the  Blue  Ridge  mountains. 

Catlin*  in  describing  the  quartzite  at  Pipestone,  Minnesota, 
wrote  as  follows:     "The  quartz  is  of  a  close  grain  and  exceed- 
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ingly  hard,  eliciting  the  most  brilliant  sparks  from  steel,  and 
in  most  places  where  it  is  exposed  to  the  sun  and  air  its  surface 
has  a  high  polish  entirely  beyond  any  result  which  could 

m.  As.  Adv.  Pel.,  Vol. 


•  Am.  Jour.  Bvi.,  (1),  Vol.  XXXVIII,  p.  ISU. 
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have  been  produced  by  diluvial  action,  being  perfectly  glazed 
as  if  by  ignition." 

Beach  phenomena  are  not  uncommon  in  the  quartzite,  being 
expressed  in  ripple  marks  and  false  bedding.  The  best 
example  of  false  bedding  observed  is  at  Sioux  Falls  near  the 
Chicago,  Milwaukee  &  St.  Paul  railway  bridge  across  the  Big 
Sioux.  Here  the  normal  strata  are  nearly  horizontal  or 
inclined  slightly  toward  the  south,  while  the  overlying  false 
beds  are  tilted  at  an  angle  of  about  30^  to  the  north.  (See 
figure  23.)  At  Fort  James  this  same  phenomenon  occurs  on 
a  small  scale  and  is  rendered  beautifully  apparent  by  alter- 
nations of  red  and  pink  layera. 

SLATES. 

About  200  yards  north  of  the  exposure  of  chalk  marked  Bx 
on  the  map,  a  purplish  black  slate  outcrops  on  the  edge  of  a 
low  ridge  which  marks  the  eastern  limit  of  the  Hood  plain  of 
Split  Rock  creek.  At  this  point  a  prospect  hole  put  down  in 
the  hope  of  finding  coal,  revealed  a  thickness  of  about  ten 
feet  of  slate,  which  was  immediately  underlain  by  weathered 
diabase.  The  diabase,  which  offered  little  resistance  to 
removal,  was  penetrated  nearly  ten  feet,  when  further  pros- 
pecting was  discontinued. 

The  slate  also  outcrops  along  the  north  bank  of  Split  Rock 
creek  in  the  Se.  i  of  section  10,  and  Sw.  i  of  section  11,  near 
the  wagon  road.  The  outcrop  along  the  creek  continues 
eastward  to  within  300  yards  of  the  quartzite  escarpment  at 
F,  but  presents  a  maximum  vertical  exposure  at  E  of  about 
ten  feet.  In  all  of  the  outcrops  of  slate  observed  true  slaty 
cleavage  is  absent,  but  partings  along  the  bedding  planes  in 
conjunction  with  vertical  joints  making  various  angles  with 
each  other,  facilitate  the  ready  removal  of  the  rock  in  tabular 
blocks  from  two  or  three  to  six  inches  in  thickness.  The 
rock,  wherever  exposed,  presents  a  curiously  mottled  aspect 
due  to  the  irregular  distribution  of  light  colored  spots 
throughout  its  mass.  These  spots  appear  to  be  wholly  inde- 
pendent of  the  structural  features  of  the  rock,  and  their  color 
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is  not  unlike  that  presented  by  weathered  surfaces  along 
joints. 

RELATION  OF  SLATE  TO  QUARTZITE. 

As  the  slate  and  quartzite  are  not  represented  together  in 
any  exposure  within  this  area,  it  is  necessary  to  go  beyond 
its  border  for  positive  evidence  regarding  their  relationship. 
At  the  Palisades,  about  four  miles  to  the  northeast,  slate  is 
exposed  in  perfect  conformity  with  the  quartzite,  often  inter- 
bedded  with  the  upper  quartzitic  layers,  and  sometimes  grad- 
ing into  them.  The  spots,  which  were  always  present  in 
exposures  further  south,  are  typically  developed  at  the  Pali- 
sades, while  the  texture  and  composition  of  the  slates  at  the 
two  localities  are  very  similar,  so  that  their  correlation  seems 
to  be  perfectly  justifiable.  Moreover,  a  legitimate  inference 
would  be  that  the  slates  are  an  upward  extension  of  the 
quartzite  formation,  and  that  they  have  been  removed  in 
large  part,  owing  to  the  greater  readiness  with  which  they 
would  yield  to  erosive  agents. 

THICKNESS  OF  THE  QUARTZITE  FORMATION. 

Irving*  in  his  preliminary  report  upon  the  Archean  forma- 
tions of  the  northwestern  states,  estimated  the  thickness  of 
the  Sioux  quartzite  to  be  from  3,000  to  4,000  feet.  This  esti- 
mate was  based  upon  the  section  along  Split  Rock  creek  from 
the  Palisades  to  Corson,  and  the  assumption  that  the  average 
dip  was  about  seven  degrees.  The  shortest  distance  between 
the  two  areas  measured  perpendicular  to  the  strike  (which  is 
nearly  north  and  south)  is  about  two  miles,  and  the  change 
in  altitude  is  140  feet.  The  slates  have  been  shown  to  be 
practically  identical  at  the  two  points  and  therefore  the 
assumed  dip  value  is  far  too  great.  The  average  inclination 
of  the  strata  between  the  outcrops  cannot  be  more  than  one 
degree.  It  is  evident  that  the  dip  is  far  from  constant,  and 
that  the  relatively  high  dips  at  the  termini  of  the  above  sec- 
tion must  be  counterbalanced  by  dips  at  very  low,  or  even 

«Fifth  Ann.  Bept.  of  the  U.  9.  Oeol.  Sarv.,  p.  aoi.    1885. 
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reversed  angles.  That  the  dip  is  not  constant,  is  evident 
from  the  field  relations  of  the  strata  a  few  hundred  yards  to 
the  north  of  the  Palisades,  where  the  beds  are  inclined  in 
the  opposite  direction.  It  would  appear  that  any  estimate  of 
the  thickness  of  the  formation  must  of  necessity  be  little 
more  than  a  guess,  and  Todd's*  estimate  of  1,500  feet  would 
seem  to  be,  in  the  opinion  of  the  writer,  a  very  liberal  one. 

DIABASE. 

Diabase  extends  from  a  point  near  the  center  of  section  22, 
almost  due  north,  a  distance  of  about  one  mile  and  a  quarter 
and  exposures  are  afforded  wherever  the  creek  impinges  upon 
its  western  bank.  The  maximum  vertical  exposure  is  about 
twenty  feet  at  D  (see  plates  iv  and  v).  At  this  point  the  dia- 
base appears  to  be  composed  of  completely  weathered  mate- 
rial. Fresh  diabase  in  place  occurs  only  as  a  low  ridge  extend- 
ing across  the  creek  at  the  point  mentioned.  It  forms  a  slight 
fall  in  the  creek  and  the  outcrop  continues  southward  along 
the  east  bank  a  distance  of  some  250  yards  to  the  point  Dx, 
but  the  rock  never  rises  more  than  two  feet  above  low  water 
level.  There  are  continuous  rapids  between  the  two  points 
D  and  Dx.  The  exposure  at  C  is  in  large  part  a  duplication 
of  the  one  just  described;  but  since  the  structural  features 
are  here  better  expressed,  it  will  be  treated  as  the  typical 
exposure.  The  diabase,  although  so  completely  weathered 
that  a  pick  can  be  driven  intp  it  without  difficulty,  maintains 
a  vertical  wall  some  fifteen  feet  in  height  on  the  west  bank  of 
the  creek,  and  the  characteristic  ophitic  texture  is  perfectly 
preserved.  The  jointed  structure,  which  is  characteristic  of 
massive  rocks  in  general,  is  especially  prominent  owing  to  the 
filling  in  along  the  joint  planes  by  vein  material  which  oifers 
greater  resistance  to  disintegrating  forces  than  the  wall  rock. 
Three  systems  of  joints  may  be  readily  distinguished,  of  which 
the  first  is  horizontal,  while  the  second  and  third  are  verti- 
cal and  approximately  at  right  angles  to  each  other.  In 
certain  places  a  fourth  serie^of  joints  may  be  observed  which 

«South  D^ota  Geol.  Surv.,  Bui.  No.  1,  p.  35.    1805. 
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is  inclined  at  an  angle  of  45°  to  the  horizon.  Many  of  the 
blocks  which  are  found  in  the  stream  channel  and  on  the  flood 
plain  faithfully  represent  the  above  jointing  in  their  rectang- 
ular, trapezoidal  and  wedge-shaped  forms.  The  prismatic  or 
columnar  structure,  which  so  often  characterizes  the  basic 
igneous  rocks  that  have  solidified  near  the  surface,  is  entirely 
wanting;  and  the  amygdaloidal  structure,  which  more  strongly 


Fig.  21.    Diabase  ledge  at  BUtj'B. 

bespeaks  surface  conditions  of  cooling,  is  not  represented. 
The  rock  is  thoroughly  holocrystalline  and  its  coarse  texture, 
considered  in  connection  with  the  absence  of  glass,  may  be 
taken  as  evidence  of  its  slow  rate  of  cooling. 

The  vein  material  effervesces  freely  when  treated  with 
hydrochloric  acid,  and  seems  to  be  in  large  part  a  calcareous 
substance  much  stained  by  iron  oxide.  It  is  probably  of  sec- 
ondary origin,  having  been  deposited  by  percolating  waters 
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which  derived  their  load  from  some  extraneous  source,  or 
from  the  decomposing  diabase  itself. 

The  extreme  width  of  the  diabase  outcrop  is  best  shown 
by  the  map,  plate  iv.  The  diabase  at  B  is  capped  with 
chalk,  a  layer  of  residual  clay  two  or  three  inches  in  thick- 
ness separating  the  two.  There  is  no  evidence  here  of  contact 
metamorphism,  either  of  an  exogeneous  or  endogeneous 
nature.  At  C  and  D  the  diabase  is  immediately  overlain  by 
drift.  At  the  latter  place  a  layer  of  sand  and  gravel,  which 
forms  the  contact  zone,  has  been  cemented  in  many  places 
into  a  pudding  stone.  At  Cx,  as  has  been  mentioned,  slate 
conceals  the  igneous  rock;  and,  as  the  contact  zone  cannot  be 
observed,  it  is  impossible  to  say  definitely  whether  or  not 
there  has  been  any  contact  action.  Here  as  in  other  expos- 
ures, the  diabase  is  greatly  weathered,  and  the  structure  is 
perfectly  preserved  and  normal.  Judging  from  the  material 
excavated  it  gives  no  evidence  of  endomorphic  action. 

Perhaps  as  Culver*  has  pointed  out,  "the  most  prominent 
field  characteristic  of  this  rock  is  the  profound  decomposition 
it  has  suffered.  Sow  much  of  it  has  been  removed  by  erosion 
it  is  impossible  to  say,  but  the  whole  exposure,  from  its  upper 
surface  down  to  the  bed  of  the  stream,  a  distance  of  twenty- 
five  feet  seems  to  be  thoroughly  disintegrated.  It  apparently 
maintains  its  vertical  position  now  only  by  the  support  of  a 
network  of  thin  quartz  veins  which  ramify  through  it  in  all 
directions. ' '  (This  last  statement  has  not  been  verified  during 
the  present  investigation.) 

In  regard  to  the  amount  of  pre-Cretaceous  weatheringt  we 
have  no  measure;  but  that  conditions  have  been  favorable  to 
rapid  weathering  during  post-Cretaceous  time  appears  evi- 
dent; the  rate  being  determined  by  the  geological  structure 
of  the  region  and  the  texture  of  the  rock.  The  dike  coincides 
with  a  well-marked  depression,  probably  constructional,  which 

*  Wis.  Acad.  Sci.,  Arts  and  Letters,  p.  207.    1801. 

t  It  has  been  sugsested  by  Prof.  0.  R.  Van  Hise,  that  in  order  to  account  for  the  great 
amount  of  weathered  material  it  is  not  necessary  to  assume  that  all  of  the  weathering  has 
been  done  during  post-Oretaceous  times,  much  less  since  the  glacial  epoch.  That  in  both 
cases,  the  deposits  were  laid  down  gently  and  would  not  necessarily  have  disturbed  even  a 
badly  weathered  surface. 


82  THE  SIOUX  QUARTZITE. 

has  been  sought  out  by  Split  Rock  creek;  moreover  its  con- 
tacts with  the  porous  chalk  and  the  sandy  gravel  layer  of  the 
drift  would  form  natural  water  courses.  Its  relation  to  the 
slate  cannot  be  definitely  stated,  but  it  appears  quite  proba- 
ble that  the  diabase  is  intruded  between  the  bedding  planes 
of  the  slate,  and  even  here  the  conditions  may  be  favorable 
to  the  active  circulation  of  the  universal  solvent.  Weather- 
ing is  facilitated  also  bj^  the  coarse  texture  of  the  rock  and 
its  complicated  systems  of  jointing. 

PETROGRAPHIC  DESCRIPTION  OF  THE  ERUPTIVE  ROCKS. 

OLIVINE   DIABASE.* 
MINERALOGICAL  COMPOSITION. 

The  eruptive  rocks  of  this  area  are  confined,  so  far  as 
Known,  to  a  single  type,  which  is  composed  essentially  of  a 
lime  soda  feldspar,  a  monoclinic  pyroxene  and  olivine.  This 
rock  is  very  similar  in  general  appearance  to  the  olivine- 
gabbro  forming  the  axis  of  Pigeon  Point  as  described  by 
Bayley.  t  It  also  bears  a  very  close  resemblance  to  Torne- 
bohm's  "Asbj^-type.":!:  It  is  a  coarse-grained  rock  and 
exposed  surfaces  present  a  peculiarly  pitted  aspect  due  to  the 
relatively  greater  readiness  with  which  the  ferro-magnesian 
constituents,  as  compared  with  the  feldspar,  succumb  to 
atmospheric  agencies.  The  perfectly  fresh  diabase  is  black, 
with  a  greenish-yellow  tinge,  and  an  oily  lustre  which  depends 
on  the  amount  of  olivine  present.  In  the  unaltered  rock  the 
feldspar  is  extremely  fresh  and  glassy,  and  on  account  of  its 
transparency,  almost  escapes  notice.  One  of  the  most 
marked  effects  of  weathering,  even  in  its  incipiency,  is  to 
bring  the  feldspar  into  prominence.  As  weathering  proceeds 
the  oily  lustre  of  the  olivine  is  lost,  and  the  surface  soon 
becomes  rough.     When  the  weathered  pgrtion  is  protected 

*  Q.  E.  CuWer  has  f^lven  a  brief  account  of  this  occurrence  accompanied  by  a  petrofrrap)tlc 
description  of  two  thin  sections  of  the  rock  by  Prof.  W.  H.  Hobbs.  (Trans.  Wis.  Acad.  Sci., 
Vol.  VIII,  p.3i06.    1882) 

t  Bui.  109.  U.  B.  Q.  S  ,  p.  33.  et  seq.    Washington,  1803. 

t  Uber  die  wlchtigeron  Diabase  u.    Qabbro-Gcstelne  Schwedens.    N.  J.  B.,  p.  268.    1877. 
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from  removal,  the  rock  passes  into  a  rusty-gray  residuum  in 
which  its  characteristic  structure  is  preserved,  even  when  the 
resultant  product  can  be  reduced  to  a  powder  between  the 
fingers.  This  lustreless  mass  finally  breaks  down  into  a 
yellowish-red  soil.  The  work  of  the  atmospheric  agencies  is 
facilitated  by  the  triple  system  of  joints  which  separate  the 
rock  into  more  or  less  rectangular  blocks,  so  that  nearly  all 
of  the  rock  accessible  is  much  altered,  save  the  dislocated 
blocks  lying  upon  the  flood  plain  of  the  creek. 

The  feldspar  is  the  most  prominent  constituent,  occurring 
in  large  divergent  laths,  some  of  which  are  nearly  an  inch  in 
length  and  having  twin  lamellae  easily  seen  with  the  unaided 
eye.  The  pyroxenes  are  less  clearly  defined  and  sometimes 
tend  toward  porphyritic  development,  measuring  an  inch 
or  more  in  length,  with  feldspar  laths  as  inclusions  or 
forming  embayments.  At  other  times  the  rock  becomes 
more  or  less  granular  through  contemporaneous  development 
of  feldspar  and  pyroxene. 

Feldspar. — Microscopically  the  feldspar  occurs  as  laths 
parallel  to  crj-stallographic  a  or  assumes  the  tabular  form 
parallel  to  the  clinopinacoid.  In  either  case  it  is  idiomorphic 
with  respect  to  the  augite,  though  generally  influenced  by 
the  olivine.  Sometimes  the  feldspar  develops  equally  in  all 
directions  and  then  is  allotriomorphic  with  respect  to  the 
augite;  when  such  is  the  case,  the  rock  assumes  a  granular 
structure. 

When  fresh  the  feldspar  is  colorless  or  water-colored,  often 
perfectly  transparent,  seeming  to  similate  the  microtine  habit, 
but  when  even  slightly  altered  it  rapidly  loses  its  transpar- 
ency and  becomes  white  or  grayish,  and,  as  alteration  pro- 
gresses, may  assume  a  green,  yellow,  reddish  or  brown  hue. 

The  cleavage  is  not  so  pronounced  as  in  orthoclase,  but  in 
sections  cut  favorably,  two  cleavages  can  be  recognized  readily 
according  to  P  and  M.  The  basal  pinacoidal  cleavage  is 
usually  the  more  perfect. 
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The  laths  are  generally  albite  twins,  composed  of  but  few 
lamellae,  seldom  more  than  four,  and  often  only  two.  Twin- 
ning according  to  the  Pericline  law  is  also  quite  common  and 
manifests  itself  in  its  characteristic  cross-hachuring;  which, 
when  observed  between  crossed  nicols,.  appears  as  fine  striae 
nearly  normal  to  c.  One  or  both  of  the  above  laws  occasion- 
ally appear  in  conjunction  with  the  Carlsbad  law. 

The  extinction  angle  when  measured  against  the  composi- 
tion face  in  the  zone  P-M,  according  to  Pumpelly's*  modifica- 
tion of  the  Des  Cloizeaux'  method  was  found  to  reach  a  max- 
imum of  30^  at  which  point  the  laminae  extinguished  symmet- 
rically. It  was  also  found  that  certain  individuals  under  simi- 
lar circumstances  presented  an  extinction  angle  of  only  16  or 
17^.  On  submitting  the  feldspar  powder  to  Thoulet's  solution 
it  was  found  that  a  portion  dropped  when  the  solution  was 
reduced  to  a  specific  gravity  of  2.702,  and  another  portion 
when  the  solution  was  still  further  reduced  to  about  2.65. 
This  would  indicate  the  presence  of  at  least  two  feldspars; 
one  a  labradorite  and  the  other  an  oligoclase.  The  first, 
according  to  Max  Schuster,  t  would  correspond  to  the  ab,  an^ 
molecule  with  a  theoretical  sp.  gr.  of  2.703  and  the  second  to 
ab^  aui  molecule  whose  theoretical  sp.  gr.  he  determined  to 
be  2.652.  The  above  results  accord  very  well  with  the 
observed  optical  angles.  SenfterJ  states  as  a  result  of  his 
work  on  the  diabase  of  Nassau,  that  an  alkali  feldspar,  oligo- 
clase, is  regularly  present;  it  being  usually  accompanied  by 
a  calcium  feldspar,  apparently  labradorite.  G.  W.  Hawes§  in 
his  study  of  some  Jersey  City  diabase,  proved  the  presence  of 
at  least  two  feldspars.  By  means  of  Thoulet's  solution  he  sep- 
arated the  feldspar  constituent  into  two  parts;  the  first  having 
a  specific  gravity  above  2.69  and  containing  52.84  per  cent  of 
Si  O,  and  the  second  with  a  sp.  gr.  less  than  2.69  was  found 

♦Oeol.  Wisconsin,  Vol.  Ill,  p.  30.    1873-9. 

tUeber  die  Optlscho  Orlenterung  der  Plagloklase.  T.  M.  P.  M.,  Vol.  Ill,  p.  153.    1880. 

tZur.  Kenntnlss  des  Diabases.    N.  J.  B.,  d.  698.    1872. 

fiOn  the  MlneraloRlcal  Composition  of  the  Normal  Mesozolc  Diabase  upon  the  Atlantic 
Border.    Proc.  U.  8.  Nat.  Mus.,  p.  131.  1881. 
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to  contain  60.54  per  cent  Si  O,.  Dathe  records  a  similar  occur- 
rence in  the  diabase  dike  at  Ebersdorf.*  Barroist  mentions 
labradorite  and  oli^cx-lase  as  essential  constituents  of  the 
olivine  free  diabase  of  the  Menez-Hom. 

The  relation  of  the  two  feldspars  in  the  South  Dakota 
diabase  seems  to  be  normal.  They  occur  in  zonal  growths, 
the  central  zone  being  the  more  basic  and  increasing  in  acid- 
ity peripherally.     They  also  occur  as  distinct  individuals. 

The  feldspars  often  show  pressure  phenomena,  and  at  times 
evidence  of  mechanical  deformation;  attested  to  by  undula- 
tory  extinction,  bent  laminae  and  broken  crystals.  These 
results  cannot  be  ascribed  wholly  to  protoelastie  influences, 
for  the  other  constituents  have  been  effected  in  a  similar 
manner  though  in  less  degree,  and  a  legitimate  interpretation 
would  seem  to  be,  that  deformation  took  place  subsequent  to 
the  consolidation  of  the  magma. 

Undulatory  extinction  may  be  due  in  many  cases  to  zonal 
growths;    but  there  are   numerous   instances   in  which  the 
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cleavage  lines  are  distinctly  bent  and  these  suggest  the  true 
cause  to  be  mec;hanical  and  external  rather  than  molecular 
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and  internal.  Where  distortion  has  exceeded  the  limit  of 
cohesion  of  the  crystals,  rupture  occurs,  and  one  or  both  of 
the  broken  ends  show  the  development  of  extremely  fine  sec- 
ondary twin  lamella?  which  seldom  persist  the  entire  length  of 
the  individual.  In  such  cases,  when  rupture  has  relieved  the 
strain  in  the  crystal,  undulatory  extinction  is  not  noticeable. 

Von  Werweke,  *  in  his  study  of  the  Olivine  norites  of  Pauls 
Island  on  the  coast  of  Labrador,  and  also  in  the  case  of  the 
feldspar  of  the  olivine  gabbro  from  Store  Bekkaf jord,  Nor- 
way, was  the  first  to  call  attention  to  this  phenomenon.  He 
believes  deformation  and  the  consequent  twinning  to  be  of  a 
secondary  nature  and  the  result  of  pressure. 

A  review  of  the  literature  of  the  subject  shows  a  consider- 
able number  of  observations,  which  tend  to  confirm  Von  Wer- 
weke's  work.  Lehmanf  proves  that  dynamic  agencies  have 
been  efficient  in  producing  secondary  twinning  in  the  plagio- 
clase  of  the  gabbro  from  the  Saxon  Granulitgebirge.  TeallJ 
in  his  study  of  the  metamorphosis  of  dolerite  into  hornblende- 
schist  says:  "  Optical  anomalies  due  to  strain  are  frequently 
recognizable.  The  extinction  shadows  sweep  over  the  sec- 
tions as  the  stage  is  rotated  under  crossed  nicols.  The  lines 
separating  adjacent  twin  lamellae  are  frequently  curved,  and 
sometimes,  where  the  limit  of  elasticity  has  been  exceeded,  a 
crystal  is  seen  to  have  been  fractured.  The  twin  lamellae 
often  show  a  great  want  of  pei'sistence  in  one  and  the  same 
crystal  and  sometimes  they  appear  to  be  related  to  the  frac- 
tures in  such  a  way  as  to  suggest  that  they  may  be  in  part  of 
secondary  origin." 

Judd,§  in  his  study  of  the  plagioclases  of  the  "  Older  Basic 
Rocks  of  Scotland,"  shows  that  twin  lamellae  are  not  essen- 
tially a  primary  character,  but  are  dependent  in  large  part 
on  conditions  of  cooling;  or  may  be  superinduced  by  mechan- 

♦  EljrenthUinlicho  Zwlllliigsbilduug  in  Feldspath  und  DlallaRO.   N.  J.B.,  II,  pp.  97-101.  1883. 

t  rntorsuchungen  ueber  dio  Entstchuug  der  Altkrystalllniscben  Scbiofergestelne,  etc., 
p.  19(),  Bonn.    18M. 

JOn  tht!  Mol4imorpbosls  of  Dolerite  into  Hornblende-Schist.  Quar.  Jour.  Qeol.  See.,  Vol. 
XLI.p.  ia«J.    188S. 

8 On  the  Tertiary  and  Older  Peridotites  of  Scotland.  Quar.  Jour.  Geol.  So«.,  Vol.  XLI,  p. 
366.  1885. 


ALTERATION   OP   THE   FELDSPAR.  87 

ical  means.  Similar  observations  have  been  recorded  by 
Steeher/  Bergt,'  Doss/  Williams*  and  Adams.  "^  Rosenbuseh* 
considers  undulatory  extinction,  mechanical  deformation  and 
the  development  of  secondary  twin  lamella?  as  the  results  of 
dynamo-metamorphism.  From  an  experimental  standpoint 
Fotique  and  L^vy*  have  demonstrated  by  their  synthetic 
experiments  with  the  plagioclase  feldspar  that  twin  lamelke 
are  not  necessarily  a  primary  characteristic  but  may  be 
developed  artificially.  Foerstnert  also  proved  the  same 
thing  to  hold  true  in  nature,  by  developing  artificially,  twin 
striae  on  the  untwinned  crystals  of  feldspar  from  Pantellaria. 
Aside  from  the  earliest  secretions  of  the  magma,  such  as 
magnetite,  olivine  and  some  apatite,  the  feldspars  contain 
relatively  few  primary  inclusions.  Gas  inclusions  are  not 
uncommon,  but  generally  seem  to  be  of  a  secondar}'-  nature. 
Chloritic  aggregates  which  probably  represent  devitrified 
magmatic  glass  inclusions,  were  noted.  A  few  crystals 
seemed  to  be  charged  with  reddish-brown  dust  particles 
which  gave  a  brownish  tone  under  low  power.  In  such 
instances  the  adjoining  pyroxenes  often  showed  a  similar 
effect. 

ALTERATION  OF  TUB  FELDSPAR. 

The  first  evidence  of  the  alteration  of  the  feldspar  is  com- 
monly seen  in  the  presence  thoughout  its  mass  of  nearly 
colorless  scales  of  a  micaceous  mineral  giving  high  interfer- 
ence colors  between  crossed  nicols.  The  mineral  is  probably 
sericite  or  kaolin.      Incipient  alteration  begins  along  the 

lOontacterscheinungcn  an  schottlschen  Ollvindiabasen.  T.  M.  P.  M.,  Vol.  IX,  p.  155,  et 
seq.    1888. 

tBeitrag  zur  Petrographle  der  Sierra  do  Santo  Monta.  etc.  T.  M.  P.  M.,  Vol.  X,pp.  842, 
833.    1889. 

'Die  Lamprophyre  und  Malaphyre  des  Plauen'  scheu  Orundes  bci  Dresden,  Vol.  XI,  p  :u. 
1890. 

<Tho  Grnonstono  Schist  A.roas  of  the  Menominee  and  Maniuette  Regions  of  Michigan. 
Bui.  62.  U.  S.  6.  S,  p.  205.    1890. 

»Debor  das  Norian  Oder  Ober-Laurentlan  von  Canada.    N.J.  B.,  B.  B.,  VIII,  p.  433.  1893. 

•Mik.  Phys.  d.  Mas.  Oos.,  Zwelto  Auf.,  Bd.  II,  p.  155.    1887. 

•Reproduction  des  Feldspaths  par  Fusion  ot  par  maintien  prolon^i?  a  une  tcnip<:^niturc 
TOisine  a  cello  de  la  fusion.  Uomp.  Rond.,  LXXXV^II,  No.  194.  Nov  ,  1878,  p.  700.  Kof .  N.  J. 
B ,  p.  412.    1879. 

tUeber  KUnstllche  pbysikalische  Veriinderungon  dor  Fcldspilthe  von  Pantellaria.  G.  Z. 
f.  Km  Bd.  IX,  pp.  333  et  seq.    1884. 
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cracks  which  traverse  the  crystals  in  every  direction  and 
sometimes,  as  remarked  by  Dathe,*  proceeds  most  rapidly 
parallel  to  the  principal  cleavages  and  the  composition  face. 
Series  of  lozenge-shaped  cavities,  which  may  or  may  not  con- 
tain liquid  inclusions,  arranged  with  their  major  axes  parallel 
to  each  other,  anticipate  the  appearance  of  the  micaceous 
mineral.  The  first  effect  of  alteration  is  the  gradual  obliter- 
ation of  the  twin  lamellae;  and  the  whole  individual  becoming 
more  or  less  opaque  and  showing  aggregate  polarization. 
The  process  is  accompanied  by  the  separation  of  calcite  and 
free  silica.  A  second  alteration  of  the  feldspar  leads  to 
patches  filled  with  rounded  granules  which,  from  their  high 
index  of  refraction  and  moderate  double  refraction,  are 
probably  zoisite;  but  in  this  rock  this  is  not  a  prominent 
feature  in  its  alteration.  The  aggregate  thus  formed  would 
correspond  to  Cathrein'st  definition  of  "  saussurite. "  A 
third  alteration  takes  place  when  the  feldspar  comes  in  con- 
tact with  olivine.  Here  tufts  of  a  greenish,  slightly  pleo- 
chroic  mineral,  project  into  the  feldspar  and  seem  to  be  the 
result  of  an  interaction  between  the  two  minerals.  This 
mineral  was  identified  as  chlorite.  In  many  cases  the  outer 
zone  of  a  feldspar  has  been  completely  changed,  while  there 
still  remains  a  central  core  of  perfect  1}^  fresh  material. 

Augite. — The  augite  is  almost  alwa3"s  allot riomorphic  and 
occurs  filling  large  wedge-shaped  areas  between  the  feldspars 
or  sometimes  as  large  porphyritic  crystalsi  more  than  an  inch 
in  length,  in  which  numerous  feldspars  are  imbedded.  When 
the  feldspars  are  more  or  less  isomerous,  and  the  rock  tends 
toward  a  granular  structure,  the  augite  individuals  often  appear 
as  idiomorphic  crystals,  and  present  their  characteristic  eight- 
sided  cross-section,  bounded  by  the  prism  and  the  two  verti- 
cal pinacoids.  Prismatic  cleavage  is  clearly  defined  in  sec- 
tions cut  perpendicular  to  c,  but  in  inclined  sections  is  not 

*Mikroskopische  Untersachaogen  ueber  Diabase,  Z.  d.  D.  O.,  Vol.  XXVI,  p.  5. 

tZeitschrift  fiir  Krystallojfrapble,  Vol.  VII,  p.  2J4.    1S83. 

tSuch  an  anglte  woald  correspond  to  the  **ophitic  plate"  of  Teall.  British  Petrography 
p  68.    London,  IHM. 
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pronounced.  Sections  favorably  cut  often  show  traces  of  a 
clino-pinacoidal  cleavage,  which  manifests  itself  as  a  series 
of  cracks  which  tend  to  wedge.  The  extinction  e  to  c  is 
about  41'^.  Twins,  with  the  ortho-pinacoid  (  oo  P  oo )  as  twin- 
ning plane  are  not  uncommon. 

In  one  instance,  the  polysynthetically  twinned  individual 
was  observed  in  a  section  showing  but  a  single  system  of 


cleavage  cracks  with  the  twin  striae  inclined  to  them  at  an 
angle  of  26-'.  This  might  at  first  glance  be  thought  to  indi- 
cate a  new  twinning  law,as  was  actually  suggested  by  Cohen,* 
who  described  a  strikingly  similar  occurrence.  Klein,  from 
data  furnished  by  Cohen,  calculated  the  new  twinning  plane 
to  be  M  P,.  Beckert  in  his  study  of  the  Washoe  District 
observed  the  same  phenomenon  but  thought  it  an  example 
of  twinning  according  to  the  common  law,  where  m  P'x  is  the 
twinning  plane.  He  "considers  it  to  be  a  section  making  a 
considerable  angle  to  the  principal  axis;  and  cutting  a  pris- 
matic face  nearly  parallel  to  the  edge  OP,  aP,  The  second 
system  of  cleavage  does  not  appear  in  this  instance,  because 
it  cuts  the  section  at  a  very  low  angle." 

'Oiwinostliwlie  ftPBChrolubunic  dcr  UniBPHUiid  von  HeldolburR,  p.  W,  1881,  Dnd  SnmmluDK' 
tHonograph  III,  U.  B.  O.  B.,  p.  113,  pi.  Iv,  Pig.  Si.  WublDglon,  1881. 
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F.  Becke*  re-examined  Cohen's  original  preparation  and 
through  an  elaborate  mathematical  demonstration  proved 
conclusively  that  no  new  law  was  necessary:  reaching  thus 
practically  the  same  result  as  that  previously  attained  by 
Becker.  Rosenbu8ch+,  in  the  third  edition  of  his  Mikro- 
skopische  Physiographie,  accepts  Becke's  results,  Becke's 
solution,  with  respect  to  the  proper  reference  of  the  twinning- 
plane  seems  to  apply  perfectly  in  the  case  under  consider- 
ation. The  reason  for  the  non-appearance  of  the  second 
cleavage  may  merit  a  brief  explanation.  It  is  a  well  known 
fact  that  cleavage  depends  upon  an  inherent  property  of  the 
crystal.  In  general,  crvstalline  substances  tend  to  break 
more  readily  in  one  direction  than  in  another;  i.  e.  they 
possess  dii'ections  of  cohesions  maxima  and  minima;  and  the 
so  called  cleavage  planes  are  normal  to  cohesions  miTiiina^ 
and  are  onlv  made  manifest  when  the  crvstals  have  been  sub- 
jected  to  sufficient  external  foi*ce  to  overcome  said  cohesions 
minima.  This  efficient  force  mav  be  anv  of  those  natural 
foix?es  which  have  to  do  with  the  deformation  of  rock  masses, 
or  in  case  of  thin  sections,  may  be  the  power  used  in  cutting 
the  sections.  That  the  i>nx*ess  of  manufacturing  thin 
sei*tions  is  efficient  in  developing  cleavage  cracks  is  evidenced 
by  the  fact  that  thin  sei*tions  show  cleavage  lines  much  better 
than  thick  ones.  In  minei-als  whei'e  the  difference  between 
cohesions  maxima  and  minima  is  not  givat,  as  in  the  pyroxenes, 
it  is  clear  that  if  the  plane  normal  to  cohesions  minima,  makes 
a  verv  low  ansrlo  with  the  plane  of  the  section,  as  in  the  case 
of  the  **sei*ond  cleavage'"  alluded  to  alK)ve,  the  conditions 
would  Ih>  unfavorable  for  the  manifestation  of  the  cleavage 
lines;  Kx-ause  the  ivsistance  to  development  would  be  repre- 
senteil  by  the  hyix>thenuse  of  a  right-trianorle  the  base  of 
which  would  l>e  the  plane  of  the  section  and  the  altitude  its 
thickness.  Moreover,  the  applied  forv^  would  act  practically 
p;irallel  to  the  plane  of  the  section,  and  according  to  the 

•r<>b<?r  /.wlHlrit*»  ▼frwuchittufv'n  ie\>$tolQbiMeDer  Prnvct^iMS  and  Amphlbole.  T.  H.  P.  M.. 
Vca.  Vll.  |>p.  W-HJC.  WWn.  l;^«. 

«Vlk.  Plix».  d-Mta.  and.  Ck«^  Drilio  Aut..  Vol.  L  |k  9&U    S«utt<mrt.  lj«l 
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parellelogram  of  forces,  the  component  tending  to  develop 
the  "second  cleavage"  would  be  insignificant  as  compared 
with  the  component  which  would  tend  to  produce  fractures 
perpendicular  to  the  plane  of  the  section  and  to  accentuate 
the  ''first  cleavage."  A  glance  at  figure  25  will  show  the 
development  of  fractures  nearly  normal  to  cleavage  lines. 

The  color  of  the  augite  in  incident  light  is  black  or  greenish- 
black;  in  transmitted  light  it  is  a  light  purplish-brown. 
Pleochorism  is  pronounced  in  all  save  clinopinacoidal  sections; 
the  ray  vibrating  parallel  to  a  is  an  olive  brown;  parallel  to 
b  a  reddish-brown;  and  parallel  to  c  is  a  light  olive  brown. 
The  depth  of  the  color  depends,  in  a  measure,  upon  the  thick- 
ness of  the  section. 

Zonal  structure  is  not  uncommon,  and  in  general  the  outer 
zone  is  the  darker,  although  this  arrangement  is  at  times 
reversed.  As  augite  is  the  youngest  of  the  essential  constit-. 
uents,  inclusions  of  the  earlier  secretions  of  the  magma  are 
extremely  abundant,  especially  apatite.  Gas  and  fluid  inclu- 
sions are  not  numerous  and  when  present  seem  to  be  of 
secondary  origin,  as  they  are  confined  to  areas  which  show 
incipient  alteration. 

ALTERATION  OF   THE   AUGITE. 

Augite  and  hornblende  are  so  closely  associated  that  it  is 
often  difficult  to  determine  whether  they  are  true  inter- 
growths  or  whether  the  hornblende  is  an  alteration  product 
of  the  augite.  The  hornblende  not  only  occui's  as  a  rim 
around  the  augite,  but  also  in  scattered  areas  through  the 
pyroxene  individual.  There  seems  to  be  a  sharp  gradation 
from  one  to  the  other,  and  in  those  augites  which  are  more 
or  less  idiomorphic  the  characteristic  pyroxene  cross-section 
is  preserved.  Such  o(»currenees  appear  to  indicate  a  secondary 
origin  for  the  amphibole.  ^ 

The  hornblende  is  readily  identified  by  its  strong  absorp- 
tion,  characteristic   prismatic  cleavage  making  an  angle  of 

*In  regard  to  the  primary  or  secondary  nature  of  hornblende  intergrowtbs  with  pyroxene 
See  Bui.  ^,  U.  8.  G.  8.,  pp.  63  et  seq.    1890. 
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about  125~  to  each  other  io  cross-section  and  low  extinction 
angle.  Its  orientation*  is  such  that  b  and  6  are  common  for 
the  two  minerals. 

In  some  instances  the  compact  brown  hornblende  is  further 
altered  into  the  fibrous  homblende+  (UraliteJ):  the  fibers  are 
prisms  with  small  cross-sections  and  are  elongated  parallel  to 
crystallographic  <>.  The  compact  hornblende  is  subject  to  a 
change  in  color;  often  assumin'r  a  bluish-tjreen  color  i>eripher- 
ally  and  accompanied  by  gi-adu;d  loss  of  pleochorism  prob- 
ably due  to  the  reduction  and  hydration  of  the  iron.  This 
change  may  be  considei-ei.!  the  incipient  stage  of  ehloritiz- 
atioD. 

Augite  also  changes  tobiotite.S  Sc-ales  of  biotite  occur 
seattei-ed  through  the  augite  area,  as  well  as  in  what  appear 
to  be  ]t;irallet  gi-owths.  These  are  very  similar  in  distribu- 
tion to  and  very  intimately  associated  with  the  hornblende; 
though  readily  distinguished  fr^>m  that  mineral  by  its  char- 
acteristic "biivh-bark"  sheen  just  before  extinction.  The 
cleavage  cracks  of  the  biotite  ai-e  appi*oximately  [jai-aliel  to 
those  of  the  augite  in  the  prismatic  zone.  This  alteration  is 
generally  accompanied  by  the  separation  of  magnetite. 

A  third  alteration  of  augite  is  to  a  chloritic  aggregate, 
which  often  assumes  the  form  of  a  n.>sette  or  sphenilite. 
The  spherulites  show  a  black  eit^ss  when  observed  in  parallel 
light  between  civssed  nicols.  The  individual  scales  or  fibers 
exhibit  a  low  index  of  refraction  and  low  interference  colors. 
They  are  of  a  light  givcnish  color  iu  transmitted  light  and 
;ire  det.*idedly  pleochroic.  The  ray  vibrating  parallel  to  the 
libers  is  gi-eeu.  while  the  ray  vibrating  at  right  angles  is  a 
straw  yellow.      These  chlorite  aggregates  seem  oftentimes 

"O.   H.  Ti|ll*in«;    rsr»iuoTpht>ai  of  Auj-t>?  ^nJ  O.ireWeaJe,  Am.   JoM,  Sd.  i».    Vol. 
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to  be  imbedded  in  a  matrix  of  caleite.  A  fourth  product 
which  probably  owes  its  origin  to  the  pyroxene,  is  that  occur- 
ring in  triangular  areas,  in  the  form  of  radiating,  unterminated, 
light  green  prisms  whijch  generally  diverge  from  a  fragment 
of  augite  or  magnetite.  Numerous  quadratic  grains  of  mag- 
netite are  scattered  among  the  prisms  and  the  whole  is 
imbedded  in  a  matrix  of  caleite.  The  crystals  show  high 
relief  and  also  high  interference  colors,  and  have  an  extinc- 
tion angle  of  about  17^  to  the  prismatic  face.  Poussin  and 
Renard*  in  their  study  of  the  gabbro  of  the  Hozemont  have 
described  and  figured  a  similar  occurrence  and  determined 
the  mineral  to  be  actinolite.  It  is  probable  that  the  mineral 
in  the  present  case  is  the  same. 

Olivine. — This  mineral  is  the  oldest  secretion  and  hence 
seldom  contains  the  other  constitutents  as  inclusions. 
When  seen  under  the  microscope  it  tends  towards  six-sided 
cross-sections  which  are  often  more  or  less  rounded,  the  latter 
being  due  to  magmatic  corrosion.  In  such  cases  the  mineral 
is  surrounded  by  a  black  rim.  Olivine  also  occurs  in  irregular 
grains  without  characteristic  outlines.  In  relatively  rare 
instances  individual  olivines  are  allotriomorphic  toward  the 
feldspar.  In  some  cases  idiomorphic  feldspars  project  into,  or, 
at  times  are  entirely  included  within  the  olivine.  This  would 
indicate  that  the  feldspar  commenced  to  separate  out  from 
the  magma  before  the  close  of  the  olivine  period  of  crystalli- 
zation. As  an  essential  constitutent  olivine  seems  to  play  a 
reciprocal  role  with  the  augite.  In  those  sections  showing 
most  pyroxene,  olivine  is  least  abundant;  the  converse  is  also 
true.  A  similar  relationship  is  noted  by  Zirkelf  in  the  case 
of  olivine  and  an  orthorhombic  pyroxene. 

The  cleavage  is  usually  poor,  but  traces  of  that  parallel 
to  the  clinopinacoid  may  sometimes  be  observed.  In  sections 
these  stride  divide  the  crystal  into  a  number  of  wedge-shaped 
areas,  which  are  broken  by  irregular  cross-fracturing.     The 

♦M6m.  Sur.  les  Caractcres  Minerulogiques  et  Stratigraphlques  des  Roches  Dltes  Plutln- 
tennes  d.  la  Bclghiue  ot  d.  1'  Ardenne,  Francaise.  p.  74.    Brussels,  1876. 

tLehrbuch  der  Putrographle,  Zwelto  Auf ,  Vol.  II,  p  688.    18W. 
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color  is  a  pale  yellow  and  the  mineral  is  sometimes  faintly 
pleochroic  in  tones  of  that  color.  Both  index  and  double 
refraction  are  high,  showing  the  characteristic  shagreen  sur- 
face in  ordinary  light  and  colors  of  the  second  and  third 
orders  between  crossed  nicols. 

Inclusions  in  olivine  are  not  uncommon;  the  most  promi- 
nent being  inclusions  of  magmatic  glass,  how  represented  by 
chloritic  aggregates  containing  grains  of  magnetite  and  in 
some  cases  scales  of  biotite,  derived  through  devitrification. 
These  inclusions  are  characterized  by  black  rims  similar  to 
those  which  surround  the  olivine  crystals;  and  are  probably 
of  the  same  origin.     Other  inclusions  are  unimportant. 

ALTSRATION  PRODUCTS. 

Olivine  is  the  least  resistant  to  weathering  agencies  of  all 
the  essential  constitutents  of  the  diabase.  The  numerous 
cracks  which  traverse  the  crystals  in  all  directions  afford 
easy  access  for  the  circulating  water  and  it  is  along  these 
that  alteration  begins.  The  cracks  become  accentuated  by 
trails  of  magnetite  grains  set  in  a  matrix  of  a  greenish  chlor- 
itic or  serpentinous,  felty  material  which  oftentimes  contains 
needles  of  hornblende.  (Pilite  according  to  Becke.*)  Ser- 
pentine seems  to  be  rare  as  an  alteration  product  in  the 
Dakota  diabase,  but  probably  occurs  in  limited  amounts, 
when  it  is  likely  to  be  confused  with  chlorite.  Williamst  in 
his  study  of  the  greenstone  schist  areas  of  the  Menominee 
and  Marquette  regions  of  Michigan,  was  able  to  distinguish 
two  classes  of  such  secondary  products,  and  suggested  the 
following  criteria  for  their  separation:  ''First,  such  as  are 
more  or  less  fibrous  in  structure,  without  pleochroism,  and 
have  a  decided  action  upon  polarized  light;  and  second, 
such  as  are  scaly  in  structure,  with  pleochroism  and  so 
weakly  polarizing  as  to  appear  isotropic."  The  first  class 
embraces  substances  allied  to  serpentines;  the  second,  those 
which  more  or  less  closely  resembly  chlorite.     According  to 

•T.  M.  p.  M.,  Vol.  Ill,  pp.  330^350  and  450.    1882. 

tBul.  82,  U.  8.  O.  S.,  p.  56,  1890.    Here  will  be  found  an  elalx)rate  discussion  of  Ohloritlza- 
tlon  with  full  Uteratuio  roferencos. 


BIOTITE.  95 

the  above  criteria,  chloritization  is  much  more  common  than 
serpentinization  in  the  case  under  consideration;  the  nec- 
essary alumina  being  furnished  by  the  plagioclase.  This 
kind  of  alteration  may  present  complete  pseudomorphs  of  the 
olivine,  which  oftentimes,  are  stained  a  deep  yellowish-brown, 
are  non-pleochroic,  and  have  but  little  effect  upon  polarized 
light.  Biotite*  is  rather  common  as  an  alteration  product  of 
the  olivine  in  this  rock.  Flakes  of  biotite  which  are  readily 
recognized  by  their  intense  absorption,  are  scattered  through 
the  slightly  weathered  portion  of  the  mineral,  along  fractures, 
forming  irregular  areas.  According  to  Julien,t  both  biotite 
and  hornblende  are  supposed  to  be  due  to  the  action  upon  the 
olivine  of  alkaline  waters  emanating  from  the  plagioclase. 

Biotite. — Biotite,  aside  from  being  an  alteration  product  of 
augite  and  olivine,  also  seems  to  occur  as  an  original  con- 
stituent. Rosenbuscht  says:  "All  olivine  diabase  contains 
brown  biotite  and  hornblende  as  original  constituents." 
Ch.  Barrois,§  in  his  memoir  on  the  diabases  of  Menez-Hom, 
remarks  that  the  mica  is  original  when  olivine  is  present. 
Wadsworth,  ||  in  discussing  the  origin  of  biotite  in  the  gabbro 
of  Minnesota  says:  "This  biotite  is  evidently  formed  from 
the  magnetite  with  associated  feldspathic  material  during  the 
process  of  alteration. ' '  Again  in  describing  Figure  1,  plate  vi, 
he  continues:  "The  biotite  is  supposed  by  the  writer  to  be 
the  result  of  alteration  and  a  reaction  between  the  magnetite 
and  the  feldspar.  The  clear,  feebly  polarizing,  greenish 
substance  of  an  unknown  character  is  probably  an  early  stage 
in  the  formation  of  biotite."  Zirkell  mentions  magnesian 
mica  as  the  constant  companion  of  hornblende  in  the  coarser 
grained  diabase. 

Biotite  occurs  in  allotriomorphic  flakes,  commonly  in  close 
connection  with  magnetite,  as  inclusions  in  skeleton  crystals, 

_    *8ee  Bui.  109,  U.  8.  G.  S.,  p.  39, 1893,  for  full  literature  references  (2)  Geology  of  Wisconsin. 
Vol.  Ill,  p.  235. 

tGeology  of  Wisconsin,  Vol.  Ill,  p.  236. 

*Der  Massige  Gosteine,  Zwcito  Auf.,  p.  217.    1887. 

JBul.  d.  Services  d.  1*  Carte  g6ol.  d.  1'  Franco,  p.  4.    1890, 

I  Minn.  Geol.  and  Nat.  llist.  Surv.,  Bui.  2,  p.  87.    1887. 

ILehrbuch  der  Petrographie,  Zwelte  Auf.,  Vol.  II,  p.  081. 
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and  filling  the  hackley  indentations  of  the  same,  or  surround- 
ing magnetite  grains.  It  is  usually  of  a  deep  reddish-brown 
color  but  sometimes  fades  into  a  light  green,  or  may  become 
almost  colorless  as  a  result  of  hydration  and  leaching  of  the 
iron.  The  absorption  is  very  strong,  even  in  the  lighter 
varieties,  and  is  expressed  in  the  absorption  formula  b=c  >  >  o 
determined  by  a  study  of  fresh  material.  The  pleochroism  is 
not. marked  except  in  shades  of  brown  and  yellow.  The  optic 
angle  is  small ;  as  the  hyperboles  scarcely  separate  on  revolu- 
tion of  the  stage.  The  bisectrix  o  is  very  slightly  inclined 
to  OP ;  f oron  a  cleavage  flake,  the  interference  cross  remains 
almost  absolutely  in  the  center  of  the  field  on  revolving  the 
stage. 

The  alteration  of  biotite  to  chlorite  takes  place  readily;  so 
that  what  Wadsworth  denominates  the  first  stage  of  biotitiz- 
ation  would  seem  to  be  the  first  stage  of  the  alteration  to 
chlorite  in  the  present  case. 

IIoiTibleiide. — Though  hornblende,  like  biotite,  appears  to 
occur  as  an  alteration  product  of  the  augite  and  olivine,  it 
deserves  notice  as  a  primary  constituent.  As  an  original 
mineral,  hornblende  shows  characteristic  six-sided  sections 
bounded  by  the  prism  and  clinopinacoid.  Prismatic  cleavage 
is  perfect,  the  prismatic  angle  being  about  125^.  The  extinc- 
tion angle  is  about  15^.  The  color  is  brown,  with  the  peri- 
phery, in  many  cases  a  blue-green,  as  previously  mentioned  for 
the  secondary  hornblende.  Absorption  is  strong  for  brown 
hornblende  but  less  marked  in  case  of  the  green,  according  to 
the  formula  c  >  b  >  >  q.  The  hornblende  in  turn,  alters  to 
chlorite. 

Apatite. — Apatite  is  very  abundant  in  certain  portions  of 
the  rock  and  is  especially  prominent  in  weathered  areas. 
The  latter  fact  might  lead  one  to  infer  that  it  is  of  secondary 
origin,  as  has  Wadsworth*  in  his  study  of  the  "Gabbros  and 
Diabases  of  Minnesota,"  where  he  says:  "This  mode  of 
occurrence,  with  the  increasing  abundance  in  proportion  to 

*Bul.  No.  2,  Geol.  &nd  Nat.  Hist.  Borv.,  p.  68.    1887. 
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the  alteration  of  the  rock,  and  its  being  found  in  known  sec- 
ondary minerals  like  quartz,  indicates  that  in  the  majority 
of  its  occurrences,  if  not  in  all,  it  is  a  product  of  alteration 
in  the  rock  and  is  due  to  the  aggregation  of  the  phosphate  of 
lime  in  the  rock  during  the  general  process  of  rock  altera- 
tions." The  apatite  in  the  Dakota  diabase,  although  most 
abundant  in  weathered  areas,  does  not  lend  confirmation  to 
the  above  view,  but  rather  emphasizes  its  primary  nature. 
Its  presence  in  any  mineral  seems  to  give  easy  access  to  the 
weathering  agents,  for  apatites  are  often  surrounded  by  rims 
of  much  altered  material,  and  the  outer  portion  of  a  feldspar 
crystal  filled  with  apatite  is  oftentimes  completely  altered, 
while  a  central  core  remains  perfectly  fresh.  It  occurs  in 
extremely  long  hexagonal  prisms,  showing  here  and  there 
the  characteristic  cross- join  ting.  As  evidence  of  its  primary 
character  it  mav  be  mentioned  that  it  occurs  in  abundance  in 
unaltered  augite  and  in  the  outer  portion  of  feldspar  crystals; 
but  even  in  extremely  altered  areas,  one  end  of  a  prism  gen- 
erally extends  into  the  unaltered  feldspar  or  augite.  Some- 
times single  crystals  of  apatite  penetrate  two  or  more  crys- 
tals of  the  other  minerals.  In  section  11  an  apatite  passes 
through  an  augite  and  projects  into  a  feldspar  at  either  end. 
Inclusions  in  the  apatite  crystals  are  numerous  and  are  often 
so  arranged  as  to  give  the  prisms  a  reed-like  appearance.  It 
is  diflBcult  to  determine  the  nature  of  the  inclusions.  In 
some  instances  the  cavities  seem  to  be  empty,  in  others  they 
contain  magmatic  glass  which  has  since  devitrified  into  a 
chloritic  aggregate,  and  sometimes  scales  of  biotite  are  pres- 
ent. Skeleton  crystals  similar  to  those  figured  and  described 
by  Bayley^  in  his  study  of  the  diabase  of  Pigeon  Point  are 
common. 

Magnetite. — Magnetite  is  extremely  abundant,  and  as  in  the 
case  of  apatite  its  abundance  seems  to  vary  directly  with  the 
alteration  of  the  rock.  As  a  primary  constituent  it  is  one  of 
the  earliest  to  crystallize  and  occurs  in  idiomorphic  crystals — 

*Bal.  lOU,  U.  8.  O.  S..  p.  47.    18U3. 
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octohedra,  presenting  quadratic  cross-sections.  It  also  occurs 
as  irregular  grains  and  finely  divided  particles  in  the  form  of 
inclusions  in  all  of  the  other  constituents.  Magnetite  also 
originates  as  a  secondary  product  from  the  decomposition  of 
the  ferro-magnesian  constituents,  and  in  such  instances  may 
occur  as  small  crystals  or  grains  widely  scattered  throughout 
the  altered  areas,  or  in  large  idiomorphic  skeleton  forms, 
some  of  which  are  more  than  one-fourth  square  inch  in  area. 
Tests  for  titanium  failed  to  disclose  the  presence  of  that  ele- 
ment. Barrels*  states  that  the  olivine  disease  of  Menez- 
Hom  contains  pure  magnetite  while  the  non-olivine-bearing 
rocks  contain  titanium  magnetite,  ilmenite,  and  its  decompo- 
sition product,  leucoxene,  are  rare.  Section  No.  7  shows  rhombic 
plates  of  a  light  gray  color,  more  or  less  opaque,  which  may  be 
altered  ilmenite.  Magnetite  gives  rise  to  the  other  oxides 
and  hydrates  of  iron,  through  oxidation  and  hydration.  In 
numerous  instances  pyrite  was  noted  in  close  relationship  to 
the  magnetite. 

In  section  7  diamond-shaped  crystals  of  sphene  were 
observed.  The  obtuse  angle  was  about  135^  and  in  some 
instances  the  margins  of  the  crystals  were  darkened  through 
magmatic  corrosion,  testifying  to  their  primary  character. 
Pleochorism  is  pronounced.  The  ray  vibrating  parallel  to  the 
long  dimension  is  a  pale  yellow,  while  the  ray  vibrating  at 
right  angles  to  this  is  a  reddish-brown. 

GENERAL  ALTERATION  OF  THE  ROOK. 

All  of  the  principal  constituents  tend  to  alter,  directly  or  indi- 
rectly to  a  chloritic  aggregate,  ''  viridite  "  and  kaolin.  The 
most  prominent  by-products  in  this  general  process  of  chemi- 
cal adjustment,  are  the  iron  ores,  calcite,  and  free  silica.  In 
the  breaking  down  of  the  feldspars  to  micaceous  or  chloritic 
minerals  Ca  O  and  Si  O^  are  constantly  in  excess;  the  former 
becomes  fixed  as  calcite,  the  percolating  waters  furnishing 
the  necessary  carbon  dioxide,  while  the  latter  crystallizes  out 
as  quartz. 

•BuL  d.  Services  d.  1*  Oarte  g6ol.  d.  I'  Franco,  p,  1T9.  1830. 
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In  all  of  the  changes  to  which  the  ferro-magnesian  min- 
erals are  subject,  iron  seems  to  be  in  excess  and  makes  its 
appearance  in  the  form  of  magnetite  crystals  and  grains, 
hematite  scales,  ochreous  stains,  and  earthy  material.  These 
products  often  wander  out  into  the  feldspar  areas. 

The  secondary  quartz  sometimes  occurs  in  large  irregular 
areas,  which,  when  viewed  between  crossed  nicols,  break  up 
into  sectors  composed  of  convergent  fibres.  The  fibres  are 
positive  in  character  (developed  parallel  to  c)  and  correspond- 
ing closely  to  Miche-L6vy*  and  Munier-Chalmas'  ' 'quartzine. " 

The  final  alteration  is  accomplished  by  the  leaching  out  of 
the  soluble  constituents  and  the  reduction  of  the  rock  to  a 
yellowish-gray  residual  claj'. 

OHEMIOAL  COMPOSITION. 

A  chemical  investigation  of  the  South  Dakota  diabase  tends 
to  confirm  the  work  of  the  microscope.  In  order  to  obtain  a 
representative  analysis,  samples  were  taken  from  a  number 
of  boulders  and  from  the  fresh  diabase  ledge  and,  after  being 
powdered,  were  thoroughly  mixed.  A  portion  of  the  com- 
posit  product  was  analyzed  with  the  following  results. 

Si  O, 42.86 

Ti  O, Trace 

fI'o'  \ 13-«« 

Al,  Oa 20.23 

CaO 6.85 

Mg  O 3.42 

K,  0 1.90 

Na,  0 6.78 

H,  O 0.88 

P,  Ofl Trace 

Total 100.57 

But  few  comments  on  the  above  analysis  are  necessary. 
The  low  percentages  of  silica,  lime  and  magnesia,  and  the 
relatively  large  amounts  of  iron,  alumina,  potash  and  soda  are 
interesting  facts,  highly  confirmatory  of  the  microscopical 

*Oomp.  Bend.,  March  24, 18U0. 
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determinations  of  the  mineralogical  constitution  of  the  rock. 
The  specific  gravity  is  high,  the  average  being  about  3, 1. 

STRUCTURE. 

structurally  the  diabase  is  holocrystalline,  hypidiomorphic ; 
varying  from  a  true  ophitic^  to  a  more  or  less  granular 
structure.  The  expression  of  these  structures  is  the  direct 
result  of  the  relative  ages  of  the  feldspar  and  pyroxene.  In 
the  first  case,  the  feldspar  is  always  idiomorphic  with  respect 
to  the  pyroxene  and  hence  the  earlier  to  crystallize.  The 
habit  of  the  feldspar  in  this  instance  is  prismatic  according 
to  a,  or  tabular  after  the  clinopinacoid.  In  the  second  case 
where  there  is  a  tendency  toward  the  granular  structure, 
both  constituents  approach  isomerism  (become  equi-dimen- 
sional)  in  development.  Sometimes  the  feldspar  is  idio- 
morphic with  respect  to  the  augite,  and  sometimes  the  augite 
is  idiomorphic  toward  the  feldspar;  which  means  in  terms  of 
age,  that  in  the  one  case  the  feldspar  is  the  older,  and  the 
augite  in  the  other.  As  both  cases  may  be  observed  in  a 
single  section,  a  legitimate  inference  would  be,  that  both 
minerals  were  crystallizing  simultaneously  in  slightly  sepa- 
rated areas. 

When  we  compare  the  above  structures  with  the  purely 
granular  structure  in  the  plagioclase-pyroxene  rocks,  a  third 
relationship  between  the  plagioclase  and  pyroxene  is  observed. 
In  those  rocks  possessing  a  strictly  granular  structure,  the 
feldspar  is  never  idiomorphic  with  respect  to  the  pyroxene, 
while  in  numerous  instances  when  the  two  minerals  are  in 
juxtaposition,  the  pyroxene  shows  more  or  less  idiomorphism, 
proving  that  it  was  the  first  to  crystallize.  In  this  case  the 
two  constituents  are  equi -dimensional.  In  the  study  of  the 
holocrystalline  plagioclase  pyroxene  rocks,  no  exceptions 
have  been  observed,  and,  so  far  as  the  writer  is  aware,  no 
observations  have  been  recorded  which  are  not  in  accord 
with  the  above  statements.     Hence,  it  seems  clear  that  we 

♦struct 'ire  opbHique  of  Fouquo  and  L<?vy,  dlabasslschk6rnig,  of  Bosenbusch  or  dlvergent- 
Btruhlig-kOrnlg  of  Lo«sen. 
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have  a  series  of  structures  which  are  the  direct  expression  of 
the  relative  ages  of  the  two  principal  constituents.  To  sum- 
marize, we  have,  in  terms  of  feldspar  relations  to  pyroxene: 

Feldspar,  idiomorphic,  older  than  the  pyroxene;  habit  col- 
umnar or  tabular Ophitic  Structure. 

Feldspar,  idiomorphic  or  allotriomorphic ;  contemporane- 
ous with  the  pyroxene  and  approaching  isomerism 

Intermediate  Structure.* 

Feldspar,  allotriomorphic,  younger  than  the  pyroxene ;  equi- 
dimensional Granitic  Structure. 

PETROGRAPHIC  DESCRIPTION  OP  THE  QUARTZITE  AND 

SLATE. 

QUARTZITE. 

Macroscopically  the  quartzite  varies  in  color  from  the 
various  shades  of  gray  in  the  leached  upper  layers,  to  pink 
and  red,  or  dark  purplish-brown  in  the  lower  beds.  Some  of 
the  slightly  argillaceous  portions  assume  a  deep,  brick-red 
color,  and  are  usually  thin-bedded.  In  general  the  massive- 
ness  as  well  as  the  color  increases  with  the  depth,  but  certain 
exposures  show  remarkable  variations  in  texture  and  com- 
pactness, both  horizontally  and  vertically.  These  changes 
are  often  extremely  abrupt;  a  layer  of  perfectly  compact, 
vitreous  quartzite,  with  conchoidal  fracture,  and  responding 
with  an  almost  metallic  ring  when  struck  with  the  hammer, 
may  be  followed  by  a  layer  of  incoherent  sand,  and  this,  in 
turn,  by  firmer  rock.  The  sand  layers  are  commonly  of  but 
slight  thickness;  rarely  exceeding  a  few  inches  in  the  section 
observed  in  the  area  about  Sioux  Falls,  though  Merriam  has 
recorded  observations  made  about  twenty  miles  to  the  west, 
in  which  the  sandy  layers  often  reach  a  thickness  of  several 
feet.  Where  the  rock  is  not  thoroughly  quartzitic,  it  breaks 
around  the  integral  grains  instead  of  through  them;  so  that 
freshly  broken  surfaces  glisten  in  the  sunlight,  by  virtue  of 

*Prof.  W.  O.  BroKf^er  In  hl9  work  "Oq  the  Basic  Braptlve  Rocks  of  Gran"  recognizes  this 
transitional  structure  in  tlio  name  "Olivlne-Gabbro-Diabaso,"  which  he  gives  to  one  of  his 
rock  types.    Quar.  Jour.  Qeol.  8oc.,  Vol.  I,  p.  18.    February  1, 1804. 
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the  numerous  crystal-faced  quartz  grains.     Such  surfaces 
present  a  sugary  appearance. 

The  size  of  the  grain  is  an  extremelj'  constant  factor  over 
nearly  the  whole  area.  At  the  Palisades  a  large  boulder  of 
quartzite  conglomerate  was  observed,  but  the  parent  ledge 
could  not  be  found.  In  this  boulder  the  conglomeratic  peb- 
bles varied  in  size  from  that  of  a  pea  up  to  that  of  a  walnut. 
They  consisted  of  vein  quartz  and  were  imbedded  in  a  quartz- 
itic  matrix.  Similar  occurrences  have  been  noted  by  the 
Minnesota  geologists*  in  their  study  of  the  northeastern  con- 
tinuation of  this  same  formation. 

A  thin  section  of  the  quartzite,  when  \'iewed  under  the 
microscope  in  ordinarj^  light,  is  seen  to  be  composed  essen- 
tially of  rounded  quartz  grains,  the  outlines  of  which  are  deli- 
cately traced  by  circlets  of  iron  oxide,  imbedded  in  an  almost 
transparent  matrix  of  interstitial  quartz.  In  some  of  the 
most  ferruginous  varieties  the  interstitial  cement  takes  on  a 
jaspery  appearance  and  becomes  opaque. 

The  completely  N'iti'eous  quartzite,  when  observed  between 
crossed  nicols,  breaks  up  into  numerous  irregularly  bounded 
areas  which  ai'e  oftentimes  dove-tailed  together  in  a  very 
intricate  manner,  often  forming  a  quartz  mosaic.  The 
interstitial  quartz  is  found  to  l>e,  in  large  part,  in  perfect 
optical  accord  with  the  original  quartz  gi-ains.^  In  the  Sioux 
quartzite  the  quartz  gi-ains  often  show  the  action  of  pressure 
;vs  manifested  in  undulatorv  extinction  and  fractured  grains. 
The  cracked  grains  ai^e  I'eadily  detected  by  the  slight  dis- 
placement of  some  of  the  parts  and  their  failure  to  extinguish 
as  a  unit.  Several  instances  were  noted  in  which  the  parts 
weiv  slightly  faulted  and  in  one  instance  the  fault-fissure 
was  filled  with  serioite.  Faulting  was  especially  noticeable 
where  a  quartz  grain  contained  so-called  '^quartz  needles,'^ 
the  disci^ntinuity  of  the  needles  emphiisizing  the  displace- 

•Final  RepiH^  of  the  Geol.  and  Nat.  Hlsi.  Surv.,  of  Minn..  Vol.  I,  p.  $U.    l»l. 

^Vld.  IrrlBie  and  Van  Rise  **On  Secondarj  Ealanpements  of  Mineral  Fracin^Bts  In  Certain 
Bocks.**    B»LNo.Kr.SLG.S.  1884. 
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ment.     The  movement  of  one  grain  upon  another  was  in  a  few 
instances  accompanied  by  a  slight  peripheral  granulation. 

Inclusions  are  extremely  common,  especially  small,  dark- 
colored  dust  particles  and  irregular  gas  cavities.  Liquid 
inclusions  are  abundant  in  certain  specimens  and  often  con- 
tain movable  bubbles.  Fluid  inclusions  are,  at  times, 
arranged  in  more  or  less  parallel  lines  and  these  lines  extend 
across  more  than  one  individual  and  hence  are  of  secondary 
origin. 

Of  the  individualized  inclusions,  zircon  and  "quartz  needles" 
(rutile)  are  most  abundant.  The  zircons  are  often  doubly 
terminated  and  show  beautiful  zonal  growths  (No.  6916). 
The  ratio  of  length  to  breadth  is  generally  about  1 :3.  The 
zircons*  themselves,  commonly  contain  inclusions  arranged 
parallel  to  c  and  centrally  located.  In  some  instances  the  zir- 
cons are  slightly  iron-stained  and  their  crystal  angles  are  occa- 
sionally rounded.  Aside  from  occurring  as  inclusions  in  the 
quartz  grains,  they  are  not  infrequently  located  in  the  inter- 
stices. 

The  most  interesting  of  all  the  inclusions  are  the  so-called 
"quartz  needles"  of  Hawes  (Lithology  of  New  Hampshire), 
which  are  very  abundant. 

It  is  comparatively  easy  to  trace  the  stages  from  the  inde- 
terminate hair-like  forms  to  bodies  whose  optical  characters, 
so  far  as  can  be  observed,  are  identical  with  those  of  rutile. 
Section  4863  shows  all  gradations.  Certain  of  the  quartz 
grains  containing  ' '  quartz  needles  ' '  are  slightly  altered  and 
the  needles  are  much  jointed;  considerable  space  intervening 
between  consecutive  segments.  The  segments  are  larger 
than  the  ordinary  fibers;  many  of  them  so  large  that  a  dis- 
tinct, pale  yellow  color  could  be  distinguished,  and  they 
show  strong  relief  and  high  double  refraction;  which  is  con- 
sidered presumptive  evidence  of  their  identity  as  rutiles. 
The  linear  arrangement  of  the  fragments  suggest  that  they 

*  Von  Grustschoff  considers  zircons  which  generally  have  a  rounded  form,  with  morn  or 
less  characteristic  crystal  form  and  a  contral,  very  dark  brown  opaqae  single  inclusion,  or  at 
times  a  group  of  inclusions  to  be  characteristic  In  a  high  degree  for  gneisses  and  related 
ArcboDan  rocks.    T.  M.  P.  M.,  Vol.  VII,  p.  4l0.   1886. 
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were  once  integral  portions  of  a  continuous  needle.  Rom- 
berg,* in  liis  study  of  the  ''Argentine  Granites"  proves  the  so- 
called  "  quartz  needles"  to  be  optically  positive.  In  another 
instance  a  well  developed  rutile  crystal  in  the  interstitial 
area  immediately  adjoining  the  quartz  grains  was  accom- 
panied by  another  individual  of  pyramidal  habit,  probably 
anatase.  Both  crystals  are  of  secondary  origin  and  were 
derived  perhaps  from  the  rutilated  quartz.  No.  4849  shows 
comparatively  large  rutiles,  as  single  individuals  and  as  geni- 
culate and  polysynthetic  twins  similar  to  those  described  by 
Sauert  as  occurring  in  the  Adorf  phyllites.  All  of  these 
crystals  are  located  in  interstitial  areas  and  hence  are  sec- 
ondary. Other  occurrences  of  anatasej  were  noted.  As  to 
the  source  of  the  titanium  it  must  be  said  that  one  is  hardly 
warranted  in  supposing  that  the  "  quartz  needles  "  would  be 
an  all  sufficient  source,  but  it  is  a  fact  worthy  of  mention  that 
in  nearly  every  case,  the  individualized  interstitial  rutiles  are 
in  close  proximity  to  the  rutillated  quartzes  and  strongly 
suggest  as  their  source,  the  "quartz  needles."  It  is  quite 
probable  that  some  titanium  has  been  furnished  by  the 
biotite,  which  was  undoubtedly  present  in  small  amoimts, 
but  which  has  given  place  to  muscovite  or  to  epidote  (4859). 
Sagenite  webs  have  often  been  recognized  in  biotite  from 
other  localities,  while  Thttrach  proved  the  presence  of  tita- 
nium in  biotite,  even  when  it  did  not  manifest  itself  as  indi- 
vidualized rutile.  Hexagonal  plates  of  hematite  often 
accompany  the  rutile  needles.  Apatite  was  rarely  noted  as 
an  inclusion  in  quartz  and  when  present,  the  cross-gashing  is 
never  prominent. 

Besides  quartz,  traces  of  orthoclase  remain.  Certain  quad- 
ratic areas  which  have  given  place  completely  to  sericite 
were  probably  of  orthoclastic  origin.     In  some  instances  the 

•N.  J.  B.,  B.  B.  VIII,  p  250.    1893. 

*A.  Saucr,  Rutile  als  microscoplsche  GomenKthoil  In  dnr  Gneiss  und  Ollmmer-schlefer 
formation,  sowle  als  Tbonschlefurnildelchen  In  der  Phylllt-formatlon,  N.  J.  B.,  Vol  I,  p.  STB. 
1881. 

*  Vld.  Thiirach  on  the  distribution  of  Anatase  In  Olastlc  Bocks.  Verhand.  der  pbys-medlc 
Gessell  zu  V^iirzberK.  Bd  XVI  [I. 
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sericite  takes  the  form  of  rosettes,  assuming  a  more  or  less 
radial  arrangement. 

Section  4867,  from  the  James  river,  contains  a  considerable 
amount  of  plagioclase  which  shows  the  characteristic  twin 
lamellae  and  is  remarkably  fresh.  Some  of  the  individuals 
present  very  irregular  outlines  and  show  dynamic  effects,  as 
evidenced  in  bent  laminae  and  the  development  of  fine  twin 
striations.  The  same  section  shows  certain  light  green, 
pleochroic,  scaly  particles,  of  slight  relief  and  low  double 
refraction,  which  were  identified  as  chlorite.  The  plates 
occur  bent  around  the  quartz  grains,  and  probably  have 
resulted  from  the  alteration  of  biotite  or  the  interaction  of 
the  feldspar  and  the  iron  ores. 

Section  6920  contains  epidote  in  large  amount,  which  prob- 
ably originated  from  plagioclase. 

SLATES. 

The  slates  vary  in  color  from  a  brick-red  to  a  purplish- 
black,  and  weather  to  a  light-gray  or  pinkish-gray.  True 
slaty  cleavage  is  absent,  but  parting  may  be  readily  effected 
along  the  bedding  plane.  These  are  not  true  slates  in  the 
common  acceptance  of  the  term,  but  correspond  very  closely 
to  the  quartz-slate  of  Irving  and  Van  Hise.*  Their  specific 
gravity  varies  from  an  average  of  2.65  in  the  slightly  carbon- 
aceous, purplish-black  slates  near  Corson,  to  2.83  for  the 
deep-red,  ferruginous  slates  of  the  Palisades.  They  vary  in 
texture  from  the  extremely  fine-grained  homogeneous  '' pipe- 
stone ''  to  arenaceous  slates  or  argillaceous  quartzites.  At 
the  Palisades,  as  has  been  previously  mentioned,  the  slates 
are  interbedded  with  the  quartzite,  and  there  are  insensible 
transitions  from  the  pipestone  to  a  vitreous  quartzite. 

Microscopically  considered,  the  slates  are  composed  essen- 
tially of  quartz,  a  micaceous  mineral,  the  iron  ores  and  more 
or  less  carbonaceous  material.  They  differ  from  the  quartz- 
ite, in  that  the  quartz  grains  are  smaller  and  more  angular, 

*Tho  Pcnokee  Iron-Bearing  Series;  Tenth  Annual  U.  S.  G.  S.,  p.  370  et  seq.    1890. 
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and  in  the  presence  of  a  large  amount  of  argillaceous  mate- 
rial, which  has  crj'stallized  as  sericlte  or  kaolin,  or  in  some 
instances,  chlorite;  and  in  the  increased  percentage  of  iron. 
The  angularity  of  the  quartz  grains  seem  to  vary  inversely 
as  their  size.  Hence,  in  general,  the  smaller  the  grains,  the 
sharper  are  their  angles.  When  the  amount  of  interstitial 
material  is  relatively  great,  the  quartz  grains  seldom  have 
definite  boundaries,  but  seem  to  fade  out  at  the  edges,  and 
often  the  peripheral  portions  of  the  grains  are  charged  with 
verj'  finely  divided  particles  of  iron  and  carbonaceous 
material.  This  rim  is  undoubtedly  of  "  secondary  growth. " 
When  observed  between  crossed  nicols,  siliceous  matrix  is 
seen  to  be  in  optical  continuity  with  the  original  grain,  as  in 
the  quartzite,  although  the  result  is  more  obscure. 

Inclusions  in  the  original  grains  are  the  same  as  in  the 
quartzite. 

In  the  finer  grained  varieties  the  micaceous  scales  are 
often  bent  or  disturbed  in  various  ways,  being  forced  to 
adapt  themselves  to  the  quartz  grains.     In  many  instances 


Fig.  n.    Ornslied  qu&rti  grklo  Id  sIhm  trom  tbe  Pallsmde*. 

the  scales  become  more  or  less  fibrous  and  are  radially 
arranged.  In  the  slates  at  the  Palisades  large  flakes  of  mica 
are  arranged  parallel  to  the  bedding  and  noticeably  increase 
the  fissility  of  the  rock.  The  quartz  grains  and  mica  scales 
testify  to  horizontal  movement  in  the  rock, — shearing  on  a 
miscroscopic  scale. 
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The  iron  oxide  ia  abundant  in  the  unaltered  rock  and  occurs 
as  indefinite  grains  in  the  interstices  and  also  as  inclusions  in 
the  peripheral  portion  of  quartz  grains  and  to  some  extent  in 
the  mica.  It  generally  appears  black  or  brownish-black  and 
lustreless,  but  in  the  more  ferruginous  varieties  some  shade 
of  red  is  the  prevailing  color.  Van  Hiae  ascribes  the  source 
of  the  iron  in  the  graywackes  of  the  Penokee-Gogebic  iron- 
bearing  series,  to  pyrite,  mareasite  and  ferrite.  This  is 
probably  true  of  the  rock  under  consideration,  so  evidenced 
by  the  blackened  areas,  which  are  not  unlikely  the  remnants 
'of  iron  pyrites. 

THE  SPOTTED  SLATES. 

The  slates  over  the  whole  district  present  peculiar  mark- 
ings in  the  form  of  circular  spots  which,  seen  in  three  dimen- 
sions, are   spheroidal,  with  the   major  axis   parallel  to  the 


Fta.  26.    SiKittsd  HiBt 


bedding  plane  and  present  extremely  sharp  contours.  These 
spots  vary  in  size  from  a  centimeter  in  diameter  down  to  mere 
specks.    They  are  always  of  lighter  color  than  their  matrix 
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and  eommonly  show  a  concentric  arrangement  of  color  in 
alternating  yellowish-gray  and  pink  shells.  This  alternation 
is  rarely  repeated  more  than  three  times;  the  series  from  the 
outside  in  generally  being  gray,  pink,  and  gray  center.  In 
the  smaller  spots  there  may  be  but  a  single  alternation. 
The  matrix,  in  immediate  contact  with  the  spot,  is  usually  of 
deeper  color  than  the  mass  of  the  rock  and  thus  tends  to 
heighten  the  contrast.  As  to  disposition  of  the  spots,  there 
seems  to  be  no  law  controlling  their  arrangement.  They 
sometimes  occur  along  joint  and  bedding  planes,  but  are  quite 
as  niunerous  in  other  positions. 

Microscopically,  the  spots  are  essentially  the  same  as  their 
matrix,  save  that  they  contain  less  of  the  iron  constituent 
and  seemingly  more  of  the  micaceous  mineral,  which  probably 
owes  its  increased  prominence  to  the  increase  in  transparency 
due  to  loss  in  iron.  That  the  difference  in  color  does  not 
arise  from  the  change  in  the  state  of  combination,  but  from 
the  withdrawal  of  the  iron  constituent,  has  been  proved  by 
numerous  chemical  analyses  of  related  occurrences.  Maw,* 
in  his  studies  *  *  On  the  Disposition  of  Iron  in  Varigated  Strata, ' ' 
carefully  separated  the  material  composing  the  light  colored 
spots  from  their  deeply  colored  matrices,  in  sandstones, 
shales  and  slates,  and  demonstrated  bv  an  elaborate  series  of 
chemical  analyses,  that  the  bleaching  is  due  to  the  removal 
of  the  iron. 

The  general  appearance  of  the  spot  both  microscopically 
and  maon>seopically,  is  almost  if  not  wholly  identical  with 
the  decolorized  are^is  along  joints  and  exposed  surfaces 
where  the  present  state  can  be  definitely  referred  to  the 
action  of  weathering  agencies.  In  both  cases  the  resultant 
product  owes  its  origin  to  the  removal  of  its  iron  constituent: 
but  the  anomalous  arrangement  of  the  spots  and  their  entire 
indei^ndenee  of  joints,  fractures  and  bedding  planes,  pre- 
cludes their  reference  to  any  external  agency.  The  active 
principle  in  the  leaching  process  must  have  originated  within 
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themselves.  Iron  as  a  coloring  agent  in  rocks  is  generally 
in  the  form  of  the  insoluble  ferric  oxide  (Sesquioxide)  and 
according  to  Dawson*  the  leaching  process  is  inaugurated  by 
the  reduction  of  the  sesquioxide,  through  the  action  of  organic 
matter,  to  the  soluble  protoxide,  which  is  then  readily 
removed  by  the  percolating  waters.  The  verity  of  this  pro- 
cess has  been  confirmed  by  many  observers,  and  has  come  to 
be  widely  recognized  in  the  theory  of  the  bog-iron  ore  accum- 
ulation. Diligent  search  was  made  for  any  trace  of  organic 
remains  in  the  spots  under  consideration  but  without  success; 
yet  no  other  explanation  of  their  origin  appears  tenable. 

ORIGIN   OP  THE   QUARTZITE  AND  SLATES. 

Sorby,t  in  his  second  presidential  address  before  the 
Geological  Society  of  London,  considers  it  probable  that  "the 
cohesion  of  the  grains  in  hard  and  compact  quartzites"  was 
due  to  the  deposition  of  interstitial  quartz,  but  it  was  left  to 
Irving  and  Van  Hisei  to  transform  a  probability  into  a  dem- 
onstrated reality  and  to  make  manifest  the  true  geological 
significance  of  the  process.  § 

Irving,  !l  in  his  summary  of  general  conclusions  regarding 
the  genesis  of  the  Huronian  quartzites,  says:  ''All  the  true 
quartzites  of  the  Huronian  are  merely  sandstones  which  have 
received  various  degrees  of  induration  by  the  interstitial 
deposition  of  siliceous  cement,  which  has  generally  taken 
the  form  of  enlargements  of  the  original  quartz  particles, 
less  commonly  of  chdlcedonic  or  amorphous  silica,  two  or 
even  all  of  the  three  forms  occurring  at  times  in  the  same 

♦Quar   Jour.  Geol.  8oc  ,  Vol.  V,  p.  25.  1848. 

tQuar.  Jour.  Geol.  8oo.,  p.  fl2.    ISfiO. 

tBul.  No.  8,  U.  S.  G.  8.    lH8t. 

fiTho  relation  of  the  interstitial  silica  to  thi»  original  quartz  eralrs  was  correctly  inter- 
preted by  A.  Knop  (Ueber  Kicselsaure-Abscheidungen  tind  O^lithblldung,  N.  J.  B.,  p.  281, 
1884)  After  giving  a  cafeful  dcs^Tiption.  he  says:  '-Jedes  dieser  Quarzkrystilllchen  1st 
nlchts  Anderes,  als  das  Product  des  FortWHchseas  obgerundeter  und  ludlvidualister  Quartz- 
k<}rpercheo  In  einer  Kieselsaurelosung  und  Art  Ihrer  Aggregation,  das  gegenseitlge  Abstos- 
son  der  Krystalle  mlt  Contactflachen,  sowie  der  Mangel  soldier  Contactfiachen  an  den  rund- 
llchen  Eornern  selbst  beweisen.  dass  die  Regeneration  dieser  zu  Krystallen.  nach  der  berelts 
erfolgten  Ablagergung  der  Sandkoroer  auf  eine  noch  fur  uns  rathselhafte  Welse  vor  slch 
ging.  denn  keinerlei  Einwlrkung  hoherer  Temperatur,  weder  at  den  Geslelnselementen,  noch 
an  dem  Bindemlttel  lasst  slch  mlt  Sicherheit  constatiien."  Inostranzeff  fully  explains  the 
origin  of  quartzite  by  metasomatic  growth.  Studien  ub«'r  metamorphls'ite  Gestelue  im  gov- 
ernment Olonez.    Die  hntstehung  der  Conglomerate  und  Quaitzite  u.  s.  w.    Lelpsig,  1879.  • 

IBul.  No.  48,U.8.  O.  S.    lrtJ4. 
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rock.  There  may  have  been,  in  some  eases,  some  solution 
and  redeposition  of  the  original  quartz  material,  but  in  the 
main  these  rocks  are  still  made  up  of  the  f ragmental  con- 
stituents that  composed  them  before  induration,  the  frag- 
ments retaining  for  the  most  part  their  original  contours." 

' '  It  also  appears  that  besides  the  true  quartzites, 

other  rocks  of  the  Huronian,  e.  g.,  the  graywackes,  in  which 
quartz  is  merely  subordinate,  or  at  least  not  the  principal 
ingredient,  have  been  affected  by  the  same  sort  of  siliceous 
induration,  the  indurating  silica  occurring  both  as  enlarge- 
ments of  the  quartz  fragments  and  independently  of  them. 
Accompanying  this  induration  there  has  been  at  times 
replacement  of  f  eldspathic  material  bj^  quartz,  and  the  altera- 
tion of  feldspar  to  chlorite  occurring  both  as  a  pseudomorphic 
substance  for  the  feldspars  and  independently  crystallized  in 
the  interstices.  *  *  %^  gy  qj^^  qj.  more  of  these  pro- 
cesses, rocks  have  been  changed  so  as  to  present  macroscopi- 
cally  and  microscopically  the  appearance  of  more  or  less  com- 
plete original  crystallization,  and  yet  they  are  made  up 
almost  entirely  of  the  original  fragmental  material,  the 
alteration  which  they  have  undergone  having  been  merely 
metasomatic,  and  not  '  metamorphic '  as  the  term  is  gener- 
ally understood." 

The  facts  observed  in  the  study  of  the  Sioux  quartzite  and 
slates  are  in  complete  accord  with  the  above  conclusions. 
That  the  original  sand  grains  served  as  nuclei,  around  which 
the  interstitial  silica  was  deposited  is  a  matter  of  simple 
observation.  The  source  of  the  silica,  however,  is  not  so 
self-evident.  An  arkose  or  f eldspathic  sandstone,  undergoing 
alteration,  would  give  up  a  considerable  amount  of  free  silica 
when  the  feldspar  changed  to  mica  or  chlorite  and  this  might 
in  some  instances  be  sufficient  to  cement  the  rock.  But  the 
Sioux  quartzite  bears  evidence  of  but  little  original  feldspar 
and  hence  it  becomes  necessarj^  to  seek  another  source  for 
the  added  silica.  Irving  (Ibid.  p.  49)  speaks  of  the  percolat- 
ing silica-bearing  waters,  but  does  not  specify  the  origin  of 
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their  load.  Newton*  in  discussing  the  probable  origin  of  the 
interbedded  quartzites  of  the  Black  Hills,  ascribes  the  source 
of  the  silica  to  diatoms,  sponge  spicules,  etc.,  which  were 
original  constituents  of  the  formation.  This  view  has  been 
elaborated  by  Crosby t  in  his  study  of  "Quartzites  and  Sili- 
ceous Concretions. "  As  no  evidence  of  organic  life  could  be 
found  in  the  Sioux  formation,  and  it  is  improbable  that  the 
rock  has  been  able  to  furnish  sufficient  silica  to  cement  itself, 
the  natural  inference  is  that  the  percolating  waters  received 
their  silica  burden  from  some  extraneous  source.  The  exact 
source  can  only  be  conjectured  with  the  data  at  hand,  but  it 
is  not  impossible  that  the  quartzite  has  been  covered  by  a 
highly  f  eldspathic  deposit  which  has  long  since  been  removed. 

AGE  OP  THE  QUARTZITE  FORMATION.: 

The  Sioux  quartzite  has  been  referred  to  the  Huronian  by 
Hall,  White,  Kloos,  Irving  and  Van  Hise  in  their  respective 
writings  upon  the  subject.  Hay  den  approached  the  area 
from  the  southwest  and  believed  the  formation  to  be  possibly 
Cretaceous,  while  the  Minnesota  geologists  assert  with  equal 
positiveness  its  equivalency  with  the  Potsdam  of  New  York. 
Todd,  in  a  preliminary  report  on  the  geology  of  South  Dakota, 
follows  Hall  in  his  treatment  of  the  quartzite  formation. 

The  present  investigation  leads  to  the  reference  of  the 
formation  to  the  pre-Cretaceous  times  for  the  following 
reasons : 

I.     Character  of  its  inclusions. 

a  The  coarse,  holocrystalline  diabase  and  the  absence  of 
pyroclastics  argues  strongly  in  favor  of  intrusion  under  high 
temperature  and  pressure.  In  other  words  the  diabase  is  of 
deep-seated  origin. 

h  The  Mesozoic  diabases  of  the  Atlantic  slope  are  close 
textured  and  in  nearly  all  instances  carry  more  or  less  glass. 

*GeoloKy  and  Kesourccs  of  the  Black  Hills  of  Dakota,  pp.  92  and  93.    18M0. 

rrechnology  Quarterly,  pp  397,  407.    May,  1888. 

tSee  Gool.  and  Nat.  Hist.  Surv.  of  Minn.,  Vol.  VII,  pp.  533-561;  also  Iowa  Acad.  Sol.,  Vol. 
II,  pp.  218-282. 


112  THE  SIOUX  QUARTZITE. 

II.  Lithological  character  of  the  formation.  Much  of  the 
slate  and  quartzite  is  thoroughly  indurated.  The  induration 
is  due  in  large  part,  to  metasomatic  infiltration.  So  far  ad 
the  writer  is  aware,  no  instances  have  been  recorded  of 
Mesozoic  arenaceous  deposits  in  undisturbed  areas  becoming 
completely  indurated  according  to  the  above  process. 

III.  Geological  structural  relationships.  The  Niobrara 
overlies  the  quartzite  formation  unconf ormably.  According 
to  Irving*  there  is  reason  to  believe  that  the  Sioux  quartzite 
underlies  unconformably  the  Saint  Croix  as  exemplified  by 
the  exposures  in  the  vicinity  of  Mankato  and  New  Ulm.  The 
Minnesota  geologists  concur  in  this  view. 

The  following  facts  may  be  adduced  in  support  to  Hall's 
reference  to  Huronian. 

1.  As  has  been  emphasized  by  Irving,  the  lithological 
characters  of  the  quartzite  are  almost  identical  with  those  of 
the  Baraboo  quartzite  in  Wisconsin.  The  latter  formation 
has  been  referred  with  some  degree  of  confidence  to  the 
Huronian  by  both  Irving  and  Van  Hise. 

2.  The  diabase  near  Corson  in  South  Dakota  and  the 
quartz-porphyryt  discovered  at  Hull  in  Iowa  are  strikingly 
similar  to  the  intrusives  which  are  peculiar  to  the  Huronian 
in  the  Lake  Superior  region. 
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desires  to  express  his  hearty  appreciation  for  many  valuable 
suggestions. 

Above  all  the  writer  takes  this  opportunity  to  acknowledge 
his  great  indebtedness  to  the  late  Prof.  G.  H.  Williams,  to 
whose  influence  and  teaching  is  due  anything  that  may  be 
found  of  merit  in  the  paper. 

♦Fifth  Ann.  Eept.  U.  8.  G.  8.,  p.  202. 
t  Iowa  Geol.  Surv.,  Vol.  I,  p.  185.    1892. 
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INTRODUCTION. 

So  intimately  is  geology  concerned  with  water  and  its 
work  that  the  investigation  of  the  deep  waters  of  the  state 
lies  clearly  within  the  field  of  the  State  Geological  Survey. 
Geological  structure  is  largely  the  product  of  aqueous  agen- 
cies. Geological  dynamics  deal  with  the  work  of  rain  and 
ice,  of  wave  and  river,  with  sedimentation  and  solution. 
Economic  geology  finds  in  water  the  most  precious  of  all  min- 
eral resources.  For  water  is  as  much  a  mineral  as  is  petro- 
leum, and,  like  petroleum,  its  distribution  beneath  the  surface 
depends  upon  stratigraphy  and  structure.  From  other  min- 
erals it  is  separated  by  its  abundance  and  its  relations  to  life ; 
and  these  are  so  essential  that  it  becomes  of  greater  value 
than  all  the  possible  wealth  of  mines  and  quarries. 

The  province  of  Artesia,  however,  has  not  as  yet  come  under 
the  direct  and  complete  control  of  any  single  science.  Like 
some  region  in  a  new  found  continent,  it  has  passed  from  one 
domain  to  another.  Different  sciences,  in  number  as  many  as 
the  great  colonizing  powei's  of  Europe,  have  sustained  their 
independent  rights  of  discovery  in  different  parts  of  the  field. 
If  the  landfall,  so  to  say,  belongs  to  engineering,  physics  and 
geology  very  early  made  valuable  contributions  to  our  knowl- 
edge of  the  terra  incognita.  Later  explorations  have  been 
conducted  by  chemistry,  medicine  and  hygiene ;  and  perhaps 
all  claims  ultimately  may  be  vested  in  the  new  and  composite 
science  of  hydrology.  Claimed  by  all  these  sciences  the  field 
has  been  thoroughly  exploited  by  none.  If  geology  has  suf- 
fered it  to  lie  in  part  neglected,  it  is  only  because  so  many 
other  fields  of  research,  wholly  and  unquestionably  her  own, 
demanded  immediate  attention.  Nevertheless  much  has  been 
done.  In  Europe  many  eminent  geologists  have  given  seri- 
ous attention  to  hydro-geologic  problems.  In  America  the 
geological  surveys  of  several  states  have  considered  the  gen- 
eral relations  of  the  problems  involved  in  artesian  waters  and 
have  set  forth  the  local  conditions  obtaining  in  their  respec- 
tive areas.      Geological  sections  of  deep  wells,  indeed,  are 
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always  noted  in  such  reports,  but  in  several  instances  inves- 
gation  has  been  carried  over  into  purely  hydrologic  subjects. 
Mineral  waters  have  been  analyzed  and  their  therapeutic  qual- 
ities considered.  Rainfall  has  been  calculated,  streams 
gauged,  and  water  power  measured.  Indeed  all  the  various 
problems  of  water  supply,  including  rainfall,  storm-water, 
evaporation,  percolation,  ground  storage,  and  the  pollution  of 
wells  and  rivers,  have  received  the  attention  of  state  geolog- 
ical surveys. 

The  field  of  the  United  States  Geological  Survey  has  been 
made  still  more  comprehensive.  The  monograph  on  the 
Requisite  and  Qualifying  Conditions  of  Artesian  Wells  by  Prof. 
T.  C.  Chamberlin*  remains  the  best  treatise  extant  on  this 
subject.  In  later  reports  of  the  Survey  statistics  of  depth 
and  flows  of  artesian  wells  in  many  states  and  territories  are 
published  in  detail,  the  relation  of  artesian  wells  to  irrigation 
is  fully  discussed,  and  the  entire  subject  of  water  supply, 
including  potable  and  mineral  waters  and  irrigation,  even  in 
its  mechanical  and  engineering  phases,  is  fully  canvassed. 

The  economic  importance  of  the  subject  also  justifies  its 
presentation  by  the  Survey.  The  cities  and  towns  of  Iowa 
are  now  passing  through  the  stage  in  their  history  in  which 
the  question  of  water  supply  is  of  special  interest.  At  the 
time  of  the  earlier  geological  surveys  of  the  state  little  or 
nothing  had  been  done  in  communal  supply.  Not  a  single 
syjstem  of  water  works  was  in  operation,  or  even .  begun,  in 
1870,  the  date  of  publication  of  the  report  of  the  State  Survey 
under  the  directorship  of  Dr.  C.  A.  White.  In  that  report 
less  than  three  pages  are  assigned  to  artesian  waters,  and 
three  artesian  wells  only  are  mentioned.  Before  the  end  of 
1880,  sixteen  systems  of  water  works  were  in  operation  in 
Iowa.  By  the  end  of  1885  the  number  had  increased  to  forty. 
Soon  after  the  end  of  another  semi-decade  the  number  had 
again  more  than  doubled,  some  eight-five  towns  being  listed 
in  the  Manual  of  American  Water  Works  for  1890  and  1891. 


*Flfth  Ann.  Rep   U.  B.  Oeol.  Surv.,  pp.  125-173.    1865. 
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Eight  of  these  towns  used  their  works  for  fire  protection  only. 
The  remaining  seventy-seven  towns  represented  a  population 
of  438,982.  Their  works  embodied  510  miles  of  mains,  and  the 
estimated  cost  of  the  works  was  over  $7,000,000.* 

At  this  stage  in  the  municipal  history  of  Iowa  when  a  larger 
number  of  water  works  are  being  built  than  ever  before,  and 
a  larger  number  of  towns  are  considering  the  question  of 
their  installation,  when  many  cities  also  have  under  advise- 
ment a  change  in  supply  or  additional  sources  of  supply,  cer- 
tainly there  is  need  of  specific  and  authoritative  information 
as  to  the  aqueous  treasures  of  the  rocks.  Can  potable  arte- 
sian water  be  found  at  an  accessible  depth;  will  it  be  copious 
or  scanty  in  quantity;  in  quality  will  it  be  adapted  to  all 
urban  uses;  at  what  depth  can  it  be  found,  through  what 
formations  will  the  drill  proceed,  and  at  what  cost  can  the 
supply  be  obtained;  how  will  such  supply  compare  with  other 
possible  sources  of  supply  in  expense,  in  purity,  and  in  utility, 
— all  these  are  questions  which  each  community  in  the  state 
has  a  right  to  ask  of  the  State  Survey.  It  has  a  right  to  an 
answer  as  definite  as  can  be  made  by  the  most  skillful  deduc- 
tion from  the  entire  obtainable  body  of  facts  bearing  upon 
the  subject. 

That  these  questions  are  sometimes  unasked,  that  towns 
proceed  sometimes  in  these  matters  entirely  without  expert 
advice,  is  due  to  several  causes.  In  no  science,  political, 
economical  or  physical,  is  the  disinterested  judgment  of  the 
specialist  sought  with  the  eagerness  which  he  himself  might 
expect.  Hundreds  of  thousands  of  dollars  have  been  wasted 
in  the  United  States  in  the  fruitless  search  for  coal,  oil  and 
gas,  and  the  precious  metals,  as  well  as  for  artesian  waters — 
a  search  fruitless,  that  is,  except  to  the  science  to  the  neglect 
of  which  these  ill-advised  undertakings  were  due.  The  chief 
reason,  however,  that  the  services  of  the  Survey  have  not 
been  used  as  widely  as  was  possible  is  that  its  functions  and 
resources  are  not  generally  known  on  account  of  the  recency 

^Manual  of  American  Water  Works,  for  1800-1891,  p.  6.   New  York,  18W. 
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of  its  establishment.  With  the  continuance  of  the  Survey  as 
a  permanent  institution  of  the  state  it  can  reach  its  highest 
eflBciency.  The  present  policy  of  the  state  is  an  eminently 
wise  one,  and  is  especially  helpful  to  scientific  investigation 
in  the  field  of  deep  wells  and  water  supply.  The  discontinu- 
ance of  a  state  geological  survey  whose  work  is  unfinished  in 
any  field  entails  a  direct  economic  loss.  Material  resources 
remain  undiscovered  or  without  due  advertisement.  Money 
is  squandered  in  useless  exploitations.:  The  youth  of  the  state 
remain  in  ignorance  of  the  geological  structure  of  their  own 
domain,  and  thus  fail  to  possess  a  scientific  heritage  which 
should  be  theirs  together  with  their  economic  heritage  of  the 
lands  of  the  commonwealth.  The  material,  however,  with 
which  investigation  deals  is  still  available  for  the  most  part. 
When  after  a  lapse  of  years  work  may  be  resumed,  mines, 
quarries,  natural  sections,  the  topographic  features  of  the 
country,  await  in  patience  the  return  of  the  geologist  and  will 
yield  their  hidden  secrets  as  before.  But  in  the  artesian  field 
the  suspension  of  work  involves  a  loss  less  remediable,  a  loss 
of  the  facts  themselves  in  which  the  entire  body  of  knowledge 
of  the  subject  consists.  The  strata  penetrated,  the  depth  of  . 
water  horizons,  almost  all  the  facts  of  use  in  artesian  investi- 
gations must  be  gathered  while  the  boring  of  any  well  is  in 
progress,  or  not  at  all. 

The  preparation  of  this  report  in  two  seasons  has  limited 
the  data  on  which  it  is  based  to  the  records  of  wells  drilled 
during  1895  and  1896  and  of  wells  previously  drilled  where  the 
facts  were  at  the  time  carefully  noted  and  preserved  by  intel- 
ligent citizens.  Unfortunately  these  wells  constitute  less 
than  one-half  of  the  deep  borings  in  the  state.  In  the  case 
of  many  of  the  deep  wells  of  Iowa  nothing  will  ever  be  known 
of  the  thickness  and  character  of  the  various  geological  for- 
mations penetrated  by  the  drill,  nor  of  the  number,  the  depth, 
or  the  nature  of  the  water-bearing  strata,  nor  of  the  quantity 
and  quality  of  the  water  from  each  of  these  strata,  nor  of  the 
quality  and  quantity  and  pressure  of  the  flow  at  the  completion 
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of  the  well  compared  with  the  same  at  later  times.  In 
many  wells  some  of  these  facts  are  known,  but  others  of  equal 
importance  escaped  observation  or  record  and  cannot  be 
rediscovered.  These  limits  in  fundamental  facts  obviously 
impose  strict  limits  on  the  deductions  and  conclusions  of  the 
report.  Addition  to  these  data  and  their  verification  or  cor- 
rection are  impossible  by  any  further  research.  In  this 
respect  this  work  differs  from  other  geological  studies  in 
which  the  field  lies  open  at  all  times,  and  patient  and  con- 
tinued investigation  may  at  any  time  win  the  secrets  concealed 
from  the  casual  observer.  But  if  no  new  facts  in  the  way  of 
corroboration  or  amendment  can  be  looked  for  from  the  past, 
the  future  offers  such  in  abundance.  New  borings  will  doubt- 
less be  made  within  the  limits  of  the  state  each  year.  During 
the  continuation  of  the  Survey  the  supervision  of  these  will 
be  as  careful  as  is  possible,  and  the  new  facts  gained  will  no 
doubt  illuminate  portions  of  the  field  now  in  darkness  or  in 
shadow. 

Another  limit  to  the  investigation  is  imposed  by  the  nature 
of  the  subject.  Little  in  this  report  can  be  the  result  of  per- 
sonal observation  except  the  lithological  determinations  of 
the  well  drillings;  even  here  the  thickness  and  location  of  the 
strata  which  the  drillings  represent  rest  on  other  authority 
than  that  of  the  author.  The  report  deals  thus  with  thousands 
of  statements  and  observations  of  very  many  individuals,  and 
mistakes  in  judgment  may  easily  occur  in  accepting  or  reject- 
ing any  of  these  data  at  second  hand,  which  cannot  be  verified 
by  personal  examination. 

A  word  may  be  added  as  to  the  scope  of  the  work.  It  has 
seemed  good  to  the  Director  of  the  Survey — and  his  judgment 
has  been  cheerfully  followed  by  the  writer — that  the  interests 
of  the  citizen  should  be  set  above  the  interests  of  the  spe- 
cialist. While,  therefore,  something  may  be  found  in  the 
discussion  of  the  Iowa  artesian  basin  which  will  prove  new 
and  interesting  to  the  geologist,  much  is  added  in  restatement 
of  facts  already  familiar  to  special  students,  but  which  may 
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be  less  a  matter  of  common  knowledge.  Yet  it  is  hoped  that 
nothing  has  found  place  which  is  without  at  least  an  educa- 
tional value,  nothing  that  fails  in  some  manner  to  elucidate 
or  complete  the  main  theme,  nothing  that  is  not  of  practical 
application. 

It  affords  a  distinct  pleasure  to  here  return  hearty  thanks  to 
the  very  many  who  have  aided  in  the  prosecution  of  the  work. 
In  all  parts  of  the  state  public  spirited  citizens  have  secured 
the  facts  here  put  on  permanent  record.  Without  their  earn- 
est co-operation,  without  their  diligence  and  large  outlay  of 
time  and  effort  in  gathering  data  the  scientific  value  of  which 
few  appreciate,  this  report  not  merely  would  have  been  incom- 
plete; it  would  have  been  made  quite  impracticable. 

Our  indebtedness  to  some  is  so  large  that  we  cannot  refrain 
from  personal  mention.  The  chemists  of  several  railways,  in 
especial  of  the  Chicago,  Milwaukee  &  St.  Paul,  the  Chicago 
&  Northwestern,  and  the  Chicago,  Burlington  &  Quincy, 
placed  at  our  disposal  all  their  many  and  valuable  analyses 
of  Iowa  waters.  The  generosity  of  Prof.  J.  B.  Weems,  Ph. 
D.,  of  the  Iowa  Agricultural  College,  supplied  the  most  com- 
plete series  of  analyses  of  Iowa  artesian  waters  yet  collated 
and  published.  The  leading  well  drilling  firms  have  supplied 
many  facts  of  great  value  in  the  investigation.  To  our  col- 
leagues of  the  survey,  to  Messrs.  Bain  and  Beyer,  and  to  the 
Director,  Dr.  Samuel  Calvin,  we  acknowledge  with  hearty 
pleasure  an  unfailing  helpfulness  which  has  far  outrun  the 
metes  of  oflBcial  duties. 

THE   DEFINITION  AND  THEORY  OF  ARTESIAN  WELLS. 

DEFINITION. 

In  its  etymology  the  term  artesian  carries  no  definition.  It 
is  derived  from  Artesium^  the  Latin  equivalent  of  Artois,  the 
name  of  the  ancient  province  of  France  which,  with  Picardy 
on  the  west  and  French  Flanders  on  the  east,  held  the  north- 
ern salient  of  the  national  territory.  In  this  province,  now 
included  in  the  department  of  Pas  de  Calais,  it  was  discovered 
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very  early  in  the  history  of  the  civilization  of  western  Europe 
that  artificial  springs  could  be  obtained  by  boring  deeply  into 
the  earth.  Within  the  walls  of  an  old  Carthusian  convent  at 
Lillers,  there  has  steadily  flowed  since  the  year  1126  the  most 
ancient,  perhaps,  of  these  wells  of  Artois.  Not  that  it  is  in 
fact  the  first  of  all  flowing  wells.  Traces  of  such  wells  are 
found  in  the  territories  of  almost  all  of  the  great  monarchies 
of  the  ancient  world,  in  Egypt,  in  China,  in  Persia,  in  Asia 
Minor  and  in  Italy.  These,  however,  do  not  seem  to  be  in 
direct  historic  continuity  with  the  artesian  wells  of  modem 
times,  and  may,  therefore,  be  omitted  from  consideration. 

The  flowing  wells  of  Modena  in  northern  Italy  are,  per- 
haps, of  nearly  equal  antiquity  with  those  of  Artois.  In  such 
repute  were  they  held  that  two  well  borers'  augers  were  made 
the  coat  of  arms  of  the  town.  In  1691  Bernadini  Ramazzini, 
a  professor  of  medicine  at  Modena,  published  a  little  work 
upon  these  wells,  which  is  said  to  contain  the  first  certain 
statements  in  literature  on  the  employment  of  the  miner's 
drill  in  sinking  wells.*  In  this  he  discusses  not  only  the 
methods  employed  in  well  drilling,  but  also  the  origin  of 
spouting  waters,  their  nature,  and  their  excellent  quality. 
Nearly  a  century  later  the  welis  of  Modena  were  again 
described  and  were  brought  to  public  notice  in  France,  by  J. 
D.  Cassini,  who  was  called  from  Italy  to  France  by  Louis  XIV 
and  made  a  member  of  the  French  Academy  of  Science. 
Indeed  Modena,  the  old  Roman  town  of  Mutina,  might  well 
have  disputed  the  claims  of  Artois  to  give  name  to  flowing 
wells,  and  it  may  be  little  more  than  an  accident  that  we  do 
not  call  such  wells  to-day  mutinian  rather  than  artesian. 

The  discovery  of  artesian  waters  at  these  early  dates  is  to  be 
attributed  to  happy  chances.  The  modern  history  of  flowing 
wells  could  not  commence  until  geology  was  ready  to  point 
out  the  necessary  dispositions  of  the  strata,  until  the  dynami- 
cal theory  was  understood,  and  the  art  of  the  drill  was  mas- 
tered.    Unquestionably  the  renaissance  in  the  art  of  flowing 

*De  fontium  mntinienslam  admiranda  Scaturlglne  tractatos  physico-hjdrostatlciiB,  Bar- 
nadlnl  Ramazzini  Mutlnas.    1601. 
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wells  was  well  begun  with  the  present  century.  During  its 
first  three  or  four  decades  a  large  number  of  memoirs,  descrip- 
tions and  manuals  upon  this  subject  were  published  by  various 
authors,  of  whom  we  may  name  Lamarck,*  Garnier,t  Hericart 
de  Thury,  i  Baillet,  §  Here,  II  Bruckmann,T  and  Arago.** 
Improved  machinery  for  drilling  was  invented,  and  much 
attention  was  devoted  to  the  subject.  Nothing  will  better 
illustrate  the  popular  interest  than  the  fact  that  for  a  num- 
ber of  years  the  Royal  and  Central  Society  of  Agriculture  of 
France  each  year  distributed  medals  and  prizes — the  highest 
was  3,000  francs — to  workers  in  the  field,  to  authors,  invent- 
ors, well  drillers,  and  to  those  who  introduced  these  wells 
where  not  before  known.  The  center  of  this  new  interest  was 
in  France.  In  other  countries,  as  in  England  for  example, 
many  flowing  wells  were  drilled  during  this  period,  but  the 
chief  honors  belong  without  question  to  French  savants  and 
mechanicians.  It  is  not  strange  or  unreasonable,  therefore, 
that  a  province  in  France  gave  its  name  to  this  class  of  wells 
as  its  final  designation,  a  name  that  was  thus  applied  in  scien- 
tific literature  at  least  as  early  as  1805.  t+ 

The  term  artesian  wells,  or  wells  of  Artois,  at  first  could 
include  in  its  meaning  little  or  nothing  more  than  the  super- 
ficial phenomena  of  the  flow  of  water.  But  as  the  physical 
and  geological  conditions  of  these  wells  were  investigated 
the  emphasis  of  the  definition  naturally  shifted  from  the  mere 
fact  of  the  artificial  fountain  to  the  structural  and  dynamical 
relations  which  conditioned  it.  The  older  use  of  the  term  is 
still  retained,  however,  by  some  eminent  authorities,  and  is 
restricted  by  them  to  fountain  wells,  tt     Commonly,  however, 

"*  Bydrog^ologie.    Paris.  1802. 

t  Manuel  da  fontonidr-sondeur.    1823. 

$  Considerations  sur  les  pnltv  fores.    Paris.    1829. 

6  Rapports  sur  divers  sondages  et  pults  art^slens.   1822. 

I  Memoirs  sur  les  pults  arti^slens.    St.  Quentln.    1828. 

T  Ueber  Arteslsche  Brunne.    Hellb.    1883. 

**  Bureau  des  Longitudes,  Annualre.    Paris.    1835. 

ttLlonnals,  Historic  de  la  vllle  de  Nancy,  Description  de  la  fontalne  art^slennede  JarvlUe. 
Nancy.    1805. 

ttObamberlln:  Requisite  and  Qualifying  Ck)ndlttons  of  Artesian  Wells.  Fifth  Ann.  Rept. 
U.  B.  Oeol.  Surr.,  p.  las.   1886. 
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both  in  Europe  and  America,  the  mere  fact  of  overflow  is 
considered  unessential.  An  artesian  well  may,  therefore,  be 
briefly  defined  as  a  vertical  well  in  which  water  rises  near  to 
or  above  the  surface  by  natural  hydrostatic  pressure  conse- 
quent upon  certain  structural  conditions.  Usually  these 
wells  are  of  small  diameter  varying  from  two  to  twelve 
inches,  any  bores  above  the  latter  dimension  being  excep- 
tional. While  artesian  wells  include  most  of  the  deep  bor- 
ings of  the  world,  depth  is  not  included  in  the  definition, 
many  shallow  wells  being  as  purely  artesian  in  structure  and 
character  as  are  wells  whose  waters  rise  from  strata  lying 
thousands  of  feet  beneath  the  surface. 

It  is  unfortunate  that  men  of  science  are  not  agreed  in  the 
use  of  the  term  artesian,  and  that  the  introduction  of  an 
acceptable  and  unequivocal  nomenclature  seems  now  quite 
impracticable.  Bored  wells,  deep  wells,  artesian  wells,  arte- 
sian fountains,  and  even  "bubbling"  wells,  all  these  phrases 
have  been  applied  to  the  same  phenomena.  As  wide  a  range 
of  epithets  is  found  in  French  scientific  literature: — puits  for6s, 
puits  art6siens,  fountaines  art6siennes,  fountaines  artificiel- 
les,  fountaines  jaillissantes  des  puits  for^s.  In  its  early  use 
the  term  "bored  wells,"  puits  for^s,  was  practically  equival- 
ent to  artesian  wells,  since  these  alone  were  bored  or  drilled, 
while  common  wells  were  dug;  but  the  term  can  not  now  be 
so  restricted,  since  many  wells  are  drilled  at  the  present  time 
whose  waters  are  not  artesian. 

Using  the  term  artesian  according  to  our  definition  for  both 
classes  of  wells,  for  those  whose  waters  overflow  and  for 
those  whose  waters  under  similar  conditions  fall  short  of 
reaching  the  surface,  we  fail  to  distinguish  these  two  classes 
except  by  further  qualification  in  some  such  way  as  by  using 
the  term  artesian  fountains  or  flowing  artesians  for  the  one, 
and  sub-artesians,  negative  or  non-flowing  artesians  for  the 
other.  But  if  we  speak  of  flowing  wells  only  as  artesian,  we 
are  still  left  without  a  suitable  term  for  the  second  class.  To 
designate  them  deep  bores,  deep  borings,  or  deep  wells,  as  is 
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frequently  done  is  to  use  terms  that  are  vague  and  inexact, 
that  apply  to  other  things  also,  and  that  omit  the  essential 
characteristics  of  these  wells,  the  fact  that  the  water  ascends 
within  the  tube  to  near  the  surface  under  hydrostatic  pres- 
sure. 

But  the  separation  of  these  two  classes  is  so  slight  and 
unessential,  that  it  is  far  more  important  that  we  have  a 
common  name  for  both  than  a  separate  name  for  each.  To 
restrict  artesian  to  flowing  wells  has  its  practical  inconven- 
ience. In  the  same  town,  for  example,  are  two  deep  wells, 
one  situated  on  ground  slightly  lower  than  the  other.  The 
waters  of  the  first  overflow,  and  the  well  is,  therefore,  an 
artesian.  The  waters  of  the  other,  derived  from  the  same 
source,  of  the  same  quality,  rising  through  the  same  strata, 
under  the  same  pressure,  to  the  same  height,  fail  by  a  few  feet 
of  the  surface,  and  the  well  can  not,  therefore,  be  termed  an 
artesian.  An  artesian  well  mav  at  anv  time  cease  to  be 
such  by  an  accident  to  its  tubing,  and  be  reinstated  in  the 
category  by  the  necessary  repairs.  On  account  of  an 
overdraft  on  the  local  supply  the  artesian  wells  of  a 
district  become  something  else,  deep  wells  or  deep  borings, 
by  the  sinking  of  their  waters  a  few  feet.  It  is  quite 
conceivable  that  under  some  such  fluctuations  in  level 
as  have  been  reported  in  other  countries  the  same  well 
frequently  might  oscillate  between  an  artesian  condition  and 
the  reverse.  This  restriction  of  the  word  artesian  would 
make  it  merely  the  sjTionym  of  "flowing,''  and  its  demission 
from  the  language  of  science  would  then  be  a  distinct  gain  in 
clearness,  purity  and  precision. 

In  this  report  artesian  wells  will  embrace  both  classes,  both 
flowing  artesians  and  sub-artesians.  In  our  tables  the  rela- 
tive heights  of  the  head  of  water  and  the  curb  of  the  well 
show  to  which  class  each  well  belongs. 

HISTORICAL    RESUME. 

The  theory  of  artesian  wells  is  known  to  every  school  boy, 
not  the  omniscient  familiar  spirit  of  Macauley,but  the  common 
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school  boy  of  the  Iowa  grammar  schools.  It  has  reached 
the  stage  of  universal  acceptance  among  men  of  science,  and 
nothing  new  can  be  added  either  in  fact  or  illustration.  Lit- 
tle indeed  has  been  added  to  the  theory  since  the  early  years 
of  the  century,  and  probably  the  freshest  presentation  of  the 
subject  now  possible  would  be  by  literal  quotation  from  the 
masters  who  first  enunciated  it. 

In  the  early  decades  of  the  century  the  theory  was  fully 
stated  and  ably  defended,  but  had  not  yet  advanced  beyond 
the  stage  of  discussion.  Rival  hypotheses  were  yet  in  the 
field  to  be  answered.  Thus  Arago  felt  it  incumbent  upon 
him  elaborately  to  refute  the  older  notions,  still  extant  in  his 
time,  which  denied  the  competency  of  atmospheric  waters  to 
supply  ordinary  springs,  rivers  and  artesian  reservoirs.  On 
the  other  side  may  be  mentioned  one  Azais,*  who  bravely 
stood  for  the  universal  principle  of  expansion  as  the  cause  of 
artesian  flow,  which  flow,  he  said,  seemed  contrary  to  all 
common  laws.  The  interior  of  the  earth,  said  Azais,  is  a 
centre  of  expansion  in  a  state  of  continuous  pressure — 
ressort — against  its  envelopes,  and  this  produces  a  transpira- 
tion of  caloric,  electricity,  and  atmospheric  gases,  and  a 
transudation  or  sweating  of  natural  waters.  On  account  of 
this  pressure  from  the  principle  of  interior  expansion,  arte- 
sian waters  spring  from  the  earth  under  the  drill,  like  blood 
from  the  body  at  the  stroke  of  the  lancet. 

An  American  contributor  to  this  controversy*  postulated  a 
similar  centrifugal  force,  driving  to  the  surface  waters  from  the 
earth's  interior,  whither  they  had  descended  into  vast  caverns 
from  the  sea,  an  echo  this  of  the  hydrologic  theory  of  the  great 
Descartes  propounded  early  in  the  seventeenth  century.  Our 
American  author,  whose  account  of  American  artesian  wells 
was  currently  held  to  have  considerable  merit,  showed  that 
under  this  theory  artesian  water  can  be  obtained  anywhere  if 
one  only  goes  deep  enough — a  comfortable  opinion  not  yet 

*Astl8:    Memolre  sur  lea  pa  its  art^siens.    18SB6. 

*Dick8on:  An  Essay  on  the  Art  of  Boring  the  Earth  for  the  obtainment  of  a  Spontaneous 
Flow  of  Water,  etc.    New  Brunswick.    1886. 
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quite  extinct.  These  fancies  were  seriously  debated  within 
the  lifetime  of  men  now  living.  And  yet  as  early  as  the  six- 
teenth century,  Bernard  Palissy  had  overthrown  the  ancient 
theories  of  springs  made  sacred  by  the  names  of  Aristotle 
and  Seneca,  and  had  shown  that  they  are  fed,  not  by  ascend- 
ing vapors  from  beneath,  but  by  the  waters  of  rain  and 
melted  snow  descending  from  the  earth's  surface.* 

In  1671  Cassini  suggested  that  the  waters  of  the  artesian 
wells  of  Modena  and  Bologna  might  come  through  subter- 
ranean channels  from  the  top  of  the  Apennine  mountains, 
which  are  only  ten  miles  distant  from  this  territory.  In 
1729  Bellidor  in  his  Science  of  Engineering  left  little  of  the 
modern  view  to  be  more  explicitly  stated.  "It  would  be 
desirable,"  says  he,  "to  make  such  wells  in  all  sorts  of 
places,  which  appears  impossible,  since  conditions  of  the 
terrane  are  requisite  that  are  not  everywhere  found.  For, 
as  these  wells  are  caused  by  waters,  which,  proceeding  from 
neighboring  mountains,  make  a  subterranean  channel  to  a 
certain  point  where  they  are  retained  by  beds  of  clay  or  rock 
which  prevent  their  escape,  it  is  necessary  that  these  beds 
should  be  pierced  with  drills,  and  that  the  water  which  is 
beneath  should  be  capable  of  ascending  in  a  vertical  tube  to 
the  surface  of  the  earth,  "t 

THE   REQUISITE   CONDITIONS. 

The  theory  of  artesian  wells  includes  certain  requisite  con- 
ditions which  may  be  considered  under: 

A.  Conditions  of  Supply. 

B.  Conditions  of  Transmission. 

The  former  comprise  the  outcrop  of  a  stratum  of  such  texture 
that  it  can  absorb  water  freely,  and  sufficient  rainfall  and 
facilities  for  percolation  to  insure  its  supply.  The  region  of 
the  outcrop  is  termed  the  gathering  ground,  the  area  of  intake 

*Di8cours  admirable  de  la  nature  des  eaux  et  foantaines  tant  naturelles  qu'  artlflclelles, 
etc.    Paris.    1586. 

tConsldoratlons  sur  la  Thoorle  des  Pultj  For6s.  Hericart  do  Thury.  Paris.  1880,  pages 
23,  24. 
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or  supply,  or  an  equivalent  term,  and  the  water-bearing  layer 
in  this  region  is  called  the  reservoir. 

The  conditions  of  transmission  embrace  a  lateral  and  a  ver- 
tical element.  The  lateral  element  consists  of  conditions  of 
attitude,  continuity,  and  texture  in  the  water-bearing  layer 
which  permit  the  transmission  of  water  from  the  reservoir  to 


UrtDlDftl  eacBpe.    a  Outcrop  of  ■qalfer,  tbe  ar«K  of  auwiJ-    fi  Lower  conflnlng  iltatnln. 
e  Upper  coDflDiDB'strfttam.    u>  ArMalkn  wella. 


the  region  of  the  wells.  The  vertical  component  includes  the 
conditions  which  insure  the  rise  of  the  water  by  hydrostatic 
pressure  from  the  water-bearing  bed  to  or  toward  the  surface, 
to- wit: 

First. — The  greater  altitude  of  the  gathering  ground,  and 
the  dip  of  the  water-bearing  stratum  from  it  to  the  region  of 
the  wells. 

Secoml. — The  confinement  of  the  water  of  the  water-bearing 
layer  within  it.  Escape  above  and  below  is  best  prevented 
when  the  water-bearing  layer  lies  between  impervious  layers, 
such  as  layers  of  clay  or  shale.     Terminal  escape  beyond  the 


ID  ot  termimtl  racap«  br  ihlDolDg  out  o(  aquifer  a.    b  A  sacceufal  and  e 
laD  nell. 

location  of  the  wells  is  precluded  when  the  water-bearing 
stratum  runs  out,  is  flexed  upward,  or  becomes  impervious  from 
change  of  texture. 
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A  simple  illustration  of  the  conditions  of  structure  may  be 
made  by  setting  one  basin  within  another  of  slightly  greater 
width  and  depth,  the  space  between  tbem  being  filled  with 
coarse  sand.  The  sand  represents  the  permeable  water-bear- 
ing layer,  the  aquifer,  to  revive  a  term  of  Arago's,  and  its 


outcrop  between  the  basin  rims  the  area  of  supply.  The  two 
basins  represent  the  two  impermeable  layers  which  confine 
the  water  within  the  aquifer.  If  now  water  is  poured  upon 
the  rim  of  sand,  it  flows  onward  and  downward  until  the  sand 
is  completely  saturated.  Let  now  a  hole  be  made  in  the 
bottom  of  the  upper  basin,  and  water  will  be  forced  upward 
through  it  precisely  as  water  rises  in  an  artesian  well,  i.  e.,  by 
the  pressure  of  the  water  held  at  a  higher  level. 

An  illustration  of  the  d3-namipal  element  is  readily  made  by 
taking  a  tube  bent  in  the  shape  of  the  letter  U.  Water  poured 
into  one  arm  rises  in  the  other,  finds  its  level,  and  stands  at 
equilibrium  at  the  same  height  in  both.  If  now  one  arm  is 
cut  off  near  its  base,  the  weight  of  the  water  in  the  other 
produces  an  overflow,  which  may  easily  be  converted  into  a 
jet  whose  height  is  proportional  to  the  height  of  the  water  in 
the  other  arm.  This  sets  forth  the  fundamental  conception 
of  the  artesian  well ;  the  long  arm  represents  the  water-bear- 
ing layer;  the  short,  the  well;  and  the  jet,  the  artesian 
fountain.  Simple  as  the  conception  is,  it  may  be  found  some' 
what  diflicult  to  realize,  when  one  stands  by  the  side  of  some 
beautiful  artesian  fountain  in  Iowa  and  watches  the  constant 
spring  of  its  sparkling  jet  high  in  air.    There  is  apt  to 


EXPERIMENTAL   APPARATUS.  131 

recur  then  something  of  the  ancient  sense  of  mystery  and 
wonder  which  led  men  of  olden  times  to  think  of  the  fountain 
as  a  dwelling  place  of  divinity.  Yet  the  simplicity  of  the 
means  by  which  the  display  is  effected  really  heightens  its 
beauty  and  charm.  The  rise  of  the  water  from  a  thousand 
feet  beneath  the  ground,  its  upward  play  for  a  score  of  feet 
in  air,  is  only  its  return  toward  the  level  of  its  source  a 
hundred  miles  and  more  away  in  the  hills  of  Wisconsin  and 
Minnesota. 

A  useful  variation  of  the  illustration  just  described  is 
obtained  by  using,  instead  of  a  bent  tube  as  apparatus,  a 
straight  tube  closed  at  one  end  and  filled  with  water.  If  this 
tube  is  tilted  at  an  angle  and  a  hole  is  bored  near  the  lower 
end,  the  water  will  jet  to  a  height  depending  upon  the  diflfer- 
ence  in  height  of  the  orifice  and  the  water  level,  as  is  seen  by 
the  varying  height  of  the  jet  as  the  water  sinks  in  the  tube, 
or  as  the  tube  is  tilted  at  different  angles.  By  filling  the  tube 
with  sand  and  repeating  the  experiment,  the  diminished 
height  of  the  jet  shows  the  effect  of  the  increased  friction. 
Another  hole  bored  beyond  and  below  the  first  draws  down 
the  original  jet  and  illustrates  the  effect  of  terminal  escape. 

An  apparatus  ready  to  hand  is  supplied  by  the  water  works 
of  a  town  using  the  gravity  system.  Here  water  flows  down 
from  reservoir  or  standpipe  through  the  mains  and  rises  in 
the  delivery  pipes  under  a  pressure  proportional  to  the  rela- 
tive height  of  the  reservoir.  It  is  perhaps  unnecessary  to  add 
that  the  capacity  of  the  stand  pipe  has  no  influence  upon  the 
pressure  of  the  water  and  the  height  to  which  it  will  rise.  A 
standpipe  one  foot  in  diameter  is  as  effective  in  this  respect 
as  one  of  sixty  feet,  the  one  exerting  the  same  pressure — fric- 
tion aside — as  the  other,  under  the  well  known  law  that 
hydrostatic  pressures  depend  on  depths  and  densities  but  are 
independent  of  quantities  of  liquids  or  shape  of  containing 
vessels.  The  reservoir  of  the  water  works  is  an  unfortunate 
addition  to  the  illustration,  since  it  has  no  especial  counter- 
part in  the  artesian  system,  the  water-bearing  stratum  being 
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itself  both  reservoir  and  conduit.  The  pumps  which  supply 
the  reservoir  may  serve  to  illustrate  the  energy  of  the  sun, 
which  is  continually  lifting  water  from  the  seas  and  carrying 
it  far  away  to  the  gathering  grounds  of  artesian  waters. 

A  rival  theory  to  the  hydrostatic  theory  which  has  just 
been  illustrated  at  such  length  was  that  of  "rock  pressure,'' 
which  assumed  that  the  water  of  artesian  wells  is  squeezed 
out  of  the  aquifer  by  the  enormous  pressure  of  the  superin- 
cumbent rocks.  This  was  answered  by  Arago  early  in  the 
century,  but  lingering  in  the  popular  mind,  and  again  put  for- 
ward of  late  years  as  an  explanation  of  the  flows  of  petroleum 
and  natural  gas,  it  has  once  more  been  laid  by  Lesley*  and  by 
Orton.  t 

Recently  it  has  been  revived,  as  at  least  a  subordinate  and 
occasional  factor  in  artesian  flows  by  Prof.  Robt.  Hay.$ 
Assuming  a  specific  gravity  of  three  times  that  of  water  for 
the  strata  of  a  region  to  the  depth  of  600  feet,  he  states  that 
at  that  depth  the  pressure  of  the  superincumbent  rocks 
amounts  to  fifty-two  atmospheres,  and  that  if  a  water-bearing 
stratum  at  that  depth  be  pierced  by  the  drill  "we  should 
then  have  the  rock  pressure  of  fifty-two  atmospheres  squeez- 
ing the  water  out  of  the  rock  pores,  and  granting  sufficient 
plasticity  in  the  rock  and  a  sufficient  quantity  of  water,  it 
must  rise  in  the  tube  which  has  only  the  pressure  of  one 
atmosphere  upon  it.  A  large  bore  to  the  well  and  a  small 
supply  of  water  would  be  against  its  reaching  the  surface. 
On  the  other  hand,  a  bed-rock  with  mobile  molecules  at  or 
near  saturation  under  this  enormous  pressure  must  cause  in  a 
narrow  tube  a  flowing  well." 

No  objection  need  be  offered  to  the  supposition  that  cir- 
cumstances might  occur  in  which  for  a  short  time  rock 
pressure  might  produce  a  flow  of  water  under  certain  assumed 
conditions.    But  such  occurences  must  be  local  and  temporary, 

^Annual  Rept.  Penna.  Qeo\.  Surv.    1885. 

tGeol.  BvLTv.  Ohio,  Econ,  Vol.  6. 

tFlnal  Geol.  Bept.  of  Artesian  and  Underflow  Invest.,  Sen.  Ex.  Doc  No.  41,  SSd  Oonsress. 
Ist  Ses8.,  p.  88,  Washington.   1803.  * 
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as  is  the  flow  from  wells  sometimes  produced  by  earthquake 
shocks. 

Flow  from  rock  pressure  demands  as  its  first  condition  that 
the  rock  of  the  water-bearing  stratum  has  lost  its  cohesion. 
It  must  be  plastic  and  mobile,  crushed  and  comminuted ;  oth- 
erwise it  exerts  no  more  pressure  on  the  water  in  its  inter- 
stices than  do  the  iron  walls  of  a  water  main  on  the  water 
flowing  within  them.  The  walls  of  a  high  building  exert 
great  pressure  on  their  foundations,  but  it  would  hardly  be 
suggested  that  this  "rock  pressure,"  exerted  upon  the  water 
pipes  passing  through  or  beneath  these  foundations,  is  the 
cause  of  the  rise  of  water  from  them  to  the  upper  stories  of 
the  building.  And  not  only  must  the  rock  of  the  water-bear- 
ing stratum  be  crushed  and  incoherent  in  order  to  transmit 
rock  pressure  to  the  water  which  it  contains;  that  water 
must  also  have  entered  the  stratum  before  the  pressure  was 
exerted  upon  the  rock,  or  before  the  rock  was  in  a  condition 
of  mobility  so  that  it  could  transmit  the  pressure  to  the  water. 
For  a  pressure  sufficient  to  squeeze  water  out  of  a  stratum  is 
sufficient  to  prevent  the  entrance  of  water  into  that  stratum. 
A  flow  from  rock  pressure  is  limited,  therefore,  to  the 
amount  of  water  which  the  water-bearing  stratum  will  hold 
without  replenishing. 

With  the  theory  of  rock  pressure  as  a  general  cause  of 
artesian  flow  Arago's  summary  dealing  is  still  suflBcient.  *  He 
showed  that  there  are  three  cases  of  rock  pressure  which  may 
be  considered.  The  rocks  above  and  including  the  upper  imper- 
meable stratum  either  continue  to  yield  until  they  come  in 
contact  with  the  lower  impermeable  stratum,  or  they  stop  in 
a  position  of  equilibrium  before  that  contact,  or  they  experi- 
ence an  oscillatory  movement.  In  the  latter  case  the  flow 
will  be  intermittent,  and  in  the  first  two  cases  it  will  stop 
entirely,  and  thus  in  any  case  the  theory  is  incompetent  to 
account  for  the  steady  flow  of  artesian  wells. 

*Sur  les  Puits  For^s,  Annuaire  par  de  Bureau  des  Longitudes,  pp.  228-229.  Paris.   1835. 
14  Q.  Bep 
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In  no  instance  in  Iowa  is  it  supposed  that  artesian  flows  are 
caused  in  any  part  by  rock  pressure. 

Only  one  artesian  well  in  the  state,  a  well  in  glacial  drift  in 
Wheatland  township,  Carroll  county,  demands  any  other  cause 
than  hydrostatic  pressure.  Its  paroxysmal  flow  was  caused 
by  gas. 

ILLUSTRATIONS  OF  ARTESIAN  AREAS. 

Districts  in  which  all  the  conditions  of  artesian  wells  that 
have  been  named  are  alike  fully  met  may  yet  differ  from  one 
another  in  geological  structure  and  in  origin.  The  varieties 
of  artesian  areas  may  be  briefly  touched  upon,  before  we  pro- 
ceed to  the  Iowa  field. 

Many  artesian  areas  form  true  basins.  They  are  consti- 
tuted of  nested  alternating  permeable  and  impervious  lay- 
ers, which  sag  in  the  center  from  uplifted  rims  upon  the 
margin  of  the  area.  To  this  class  belong  several  desiccated 
basins  of  ancient  lakes.     Sands  laid  down  on  the  concave  floor 
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of  the  lake  were  covered  with  an  impervious  layer  of  fine 
silts  as  the  lake  gradually  died  away,  or  by  playa  wash  after 
its  removal.  These  sands  are  now  easily  reached  by  driven 
wells,  and  freely  yield  the  waters  which  they  receive  on  their 
exposed  margins.  Or  the  strata  in  which  the  lake  basin  was 
originally  excavated  may  be  permeable  in  texture,  and,  being 
overlain  by  water-tight  lacustrine  clays,  may  yield  artesian 
waters  at  comparatively  little  depth.  Examples  of  lacustrine 
artesian  basins  are  those  of  the  Salt  Lake  valley  of  Utah,  and 
the  San  Luis  valley  of  Colorado,  the  latter  of  which  supplies 
some  3,700  artesian  wells. 
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In  other  instances  the  central  depression  is 
due  to  an  ancient  river  valley  toward  whose 
median  line  sands  of  various  derivations  and 
covering,  often  Pleistocene  in  age,  slope  from 
the  margins.  The  artesian  basin  of  the  Red 
River  valley  seems  to  be  of  this  .class. 

The  basin  form  may  also  be  displayed  in 
transverse  sections  of  estuaries  eroded  and 
filled  in  past  geological  epochs.  One  of  the 
best  known  of  these  is  the  famous  London 
basin.  Here  interbedded  sands  and  clays 
.  were  laid  down  in  a  shallow  depression  cut  in 
the  chalk,  the  estuary  of  a  Tertiary  river, 
and  afterwards  sealed  by  several  hundred 
feet  of  river  silt  called  the  London  clay.  In 
this  clay  the  present  valley  of  the  Thames  is 
eroded.  As  London  occupies  the  central 
portion  of  the  basin,  borings  there  made 
through  the  London  clay  tap  water  in  the 
sands  beneath  and  in  the  chalk,  under  suffi- 
cient hydrostatic  pressure  to  produce  artesian 
flows,  and  during  the  early  part  of  the  century 
these  constituted  to  a  large  extent  the  water 
supply  of  the  city. 

To  this  class  belong  also  synclinal  basins 
formed  by  folding  of  strata  originally  horizon- 
tal. Such  basins  are  illustrated  in  figure  30, 
p.  129. 

The  basin  or  synclinal  structure,  however, 
is  not  an  essential  artesian  condition.  More 
often  the  attitude  of  the  retaining  and  water- 
bearing beds  is  monoclinal.  They  slope  in 
one  direction  from  the  higher  ground  of  the 
receiving  area  toward  plain  or  sea,  often  with 
a  gradient  so  slight  as  to  be  almost  imper- 
ceptible.    The  largest  artesian  fields  of  the 
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world  belong  to  this  class;  the  Australian  field,  the  Atlantic 
and  Gulf  fields  of  the  United  States,  the  Texas  field,  the 
Dakota  field,  and  the  field  of  the  Upper  Mississippi  valley,  in 
which  the  Iowa  field  is  included.  This  is  due  to  the  fact  that 
their  terranes  are  geological  formations,  sea  laid,  of  vast 
extent  and  often  of  great  thickness.  They  preserve  to  some 
degree  the  slant  of  the  ocean  floor  as  it  sloped  downward  from 
the  margin  of  an  old  continent,  though  this  dip  is  often 
accentuated  and  altered  by  the  epeirogenic  movements  that 
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Fig.  34.    Monoclinal  artesian  area  of  southwestern  New  Jersey.*    a  Barltan  clays;  h  Olay 
Marls;  c  Greensand  Marl  beds;  d  Upper  Marl  bed;  e  Atlantic  ocean. 

lifted  them  above  the  sea,  and  less  frequently  by  orogenic, 
or  mountain  making,  movements  also.  See  figure  33,  and  also 
figure  35,  on  p.  137. 

The  Iowa  Field  and  its  Artesian  Conditions. 

The  artesian  field  of  Iowa  is  but  a  part  of  an  extensive 
basin,  which  may  be  termed  the  artesian  area  of  the  upper 
Mississippi  valley.  It  includes  a  portion  of  Missouri,  a  large 
part  of  Illinois,  and  southern  Wisconsin  and  southern  Minne- 
sota. In  the  two  states  last  mentioned  lies  the  area  of  intake 
for  the  entire  field,  and  from  this  higher  gathering  ground 
there  slopes  southward  a  complex  of  strata  which  furnishes 
the  various  other  requisite  conditions  for  artesian  wells. 

Attention  must  be  given  for  a  little  space  to  this  assemblage 
of  geological  formations.  For  the  conditions  of  the  accumula- 
tion and  transmission  of  water  beneath  the  surface  are  almost 
wholly  geological.     A  complete  geological  section  across  any 

*  From  Ann.  Bept.  New  Jersey  Oeol.  Survey.    1881 
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state  or  region  in  a  humid  climate  supplies  of  itself  data  from 
which  may  be  calculated  for  any  point  along  the  line  of  the 
traverse,  the  depth  at  which  artesian  water  can  be  found,  or 
whether  it  can  be  found  at  all,  the  height  to  which  it  will 
rise,  and  its  probable  quantity  and  quality.  For  such  a  sec- 
tion shows  what  strata  are  by  their  texture,  continuity  and 
outcrop  made  the  aqueducts  of  subterranean  waters.  Their 
thickness,  uniformity  of  thickness,  and  .the  dimensions  of 
their  outcrops,  together  with  the  nature  of  the  overlying  and 
underlying  beds,  afford  measures  of  the  quantity  of  water 
available,  and  their  dip  and  the  profile  of  the  section  afford 
data  by  whidi  the  heights  to  which  water  will  rise  in  wells 
can  be  estimated.    The  lithological  nature  of  the  beds  indi- 
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«  KInderbooki  il  Devonlao;  e  SllurlaD:  /  HudsoD  River:  o  Galena-TieDton;  lOoeota;  JSt. 
Otoix,  iDClndlng  the  Jordan,  Bt.  Lawrence  and  Basal  sandstone. 

cates  the  kind  and  degree  of  the  mineralization  of  the  water. 
Some  understanding  of  the  general  geology  of  Iowa  is  there- 
fore pre-requisite  to  the  consideration  of  the  local  artesian 
problem. 

Geological  Structure. 
The  rocks  of  the  great  sedimentary  series  in  Iowa  include 
nearly  all  of  the  formations  of  the  Paleozoic  system  and  eon- 
tain  representatives  of  the  Mesozoic  also.  Above  the  foun- 
dation crystallines  and  quartzites  of  the  Algonkian,  they 
consist  of  sandstones,  shales,  and  limestones,  many  times 
repeated  and  in  varying  order.    These  great  sheets  of  rock 
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lie  with  a  gentle  southward  inclination.  In  the  northern  por- 
tion of  Iowa  they  also  sag  from  the  eastern  and  western 
boundaries  of  the  state  toward  a  median  line,  forming  a 
shallow  trough  whose  axis  extends  north  and  south  in  about 
the  longitude  of  the  Upper  Des  Moines  river.  In  southern 
Iowa  the  western  limb  of  this  sj^'ncline  is  depressed,  and  over 
the  southwestern  counties  the  strata  lie  more  nearly  level. 
In  southeastern  Iowa  the  lower  terranes  of  the  Paleozoic  rise 
in  a  dome  now  covered  and  concealed  by  the  later  formations 
of  the  same  series. 

The  attitude  of  the  strata  as  we  have  just  described  it  may 
be  roughly  illustrated,  if  the  reader  will  lav  a  sheet  of  paper 
on  the  table  before  him,  and  then  lift  it  for  an  inch  or  so  by 
the  upper  right  hand  and  upper  left  hand  corners — the  former 
a  little  higher  than  the  latter — at  the  same  time  slightly 
raising  the  lower  right  hand  corner,  as  with  a  pencil  laid 
underneath  it. 

While  this  illustration  represents  the  lie  of  the  sedimentary 
series  as  a  whole,  it  fails  to  bring  to  mind  the  disposition  of 
the  outcrops  of  the  different  formations  of  which  the  series 
is  composed.  On  consulting  the  map,  plate  V,  it  will  be 
seen  that  east  of  the  Des  Moines  river  these  outcrops  lie  in 
approximately  parallel  and*  concentric  belts,  surrounding  the 
elevation  of  the  northeastern  corner  of  the  state,  and  stretch- 
ing from  the  Minnesota  line  across  the  state  to  the  Missis- 
sippi river  in  northwest  southeast  direction,  at  right  angles 
to  the  dip  of  the  strata.  West  of  the  Des  Moines  river  the 
disposition  of  the  surface  strata  is  under  the  control  of  two 
great  unconformities — excluding  that  of  the  drift — the 
unconformity  of  the  coal  measures,  and  that  of  the  Creta- 
ceous, with  the  underlying  terranes.  The  Cretaceous,  in 
especial,  is  conceived  to  cover  the  upturned  and  beveled 
edges  of  the  older  formations,  which  otherwise  would  appear 
surrounding  the  elevation  of  the  northwestern  corner  of  the 
state  in  concentric  belts  narrower  but  similar  to  those  which 
girdle  the  northeastern  elevation. 
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It  will  often  be  necessary  to  refer  to  the  various  geological 
formations  which  are  pierced  by  the  drill  in  different  parts  of 
the  state,  and  if  the  reader  is  somewhat  unfamiliar  with 
them,  or  with  their  recent  nomenclature,  the  chart  may  be 
consulted — plate  VI — which  presents  graphically  their  place 
and  nature  and  greatest  thickness.  Let  it  be  remembered  that 
the  table  does  not  represent  the  thickness  of  the  entire  sedi- 
mentary series  as  it  will  be  found  at  any  one  locality.  Where 
one  formation  is  thickest,  another  may  be  thin  or  absent. 
The  table  states  the  maximum  thickness  of  each  formation 
as  disclosed  in  the  present  investigation,  and  it  may  be  com- 
pared with  the  general  geological  section  of  Keyes,*  which 
gives  the  thickness  of  the  formations  as  estimated  at  that 
time  from  their  outcrops.  The  sum  of  the  thicknesses  of  the 
geological  formations  above  the  Sioux  quartzite  as  given  by 
Keyes  amounts  to  4, 700  feet.  In  our  computation  the  sum 
of  the  maxima  of  the  same  formations  reaches  6,020  feet,  and 
that,  too,  although  the  thickness  of  the  coal  measures  is 
reduced  over  500  feet. 

The  formations  of  Iowa  have  been  frequently  described  in 
geological  literature,  and  no  detailed  account  of  them  need 
here  be  given.  The  changes  which  obtain  as  they  pass 
beneath  the  surface  beyond  their  outcrops  were  stated,  so  far 
as  then  known,  by  the  author  in  a  previous  paper.*  The 
present  investigation  has  added  a  number  of  interesting  facts 
to  those  already  known,  and  a  brief  summary  may  here  be 
useful,  although  the  full  account  of  the  geology  of  the  deeper 
strata  will  be  found  in  the  following  section  under  the  discus- 
sion of  the  geology  of  each  of  the  sections  along  which  the 
wells  of  the  state  are  ranged. 

ALGONKIAN. 

The  lowest,  the  oldest,  and  the  only  metamorphic  or  crys- 
talline rocks  of  Iowa  belong  to  this  age,  so  inconceivably 
remote  that  none  but  the  humblest  forms  of  living  creatures 

*Plate  ii,  TOl.  I,  Iowa  Geological  Survey.    1898. 

^Thickness  of  Paleozoic  Strata  Northeastern  Iowa.     Iowa  Oeol.  Bury.,  vol.  Ill,  pp.  174-188. 
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defined  terrane  of  moderate  thickness,  but  to  the  west  they 
are  not  well  defined  with  the  scanty  data  at  hand.  They  are 
usually  glauconiferous  and  arenaceous.  The  Jordan  sand- 
stone succeeds  the  Saint  Lawrence.  It  is  a  saccharoidal 
sandstone  of  light  color.  Its  usual  thickness  is  from  one 
hundred  to  two  hundred  feet.  The  combined  thickness  of  the 
two  upper  divisions  of  the  Saint  Croix  is  singularly  uniform 
and  averages  about  three  hundred  feet.  Both  the  Jordan 
and  Saint  Lawrence  outcrop  in  the  extreme  northeastern  part 
of  the  state,  where  they  were  first  recognized  in  the  field  in 
Iowa  by  Calvin*  as  distinct  formations. 

UPPER  ONEOTA,  NEW  RICHMOND,  AND  LOWER  ONEOTA. 

■ 

Upon  the  Jordan  sandstone  rests  a  massive  dolomite,  desig- 
nated by  Hall  and  by  White  in  the  earlier  geological  surveys 
of  the  state  as  the  Lower  Magnesian.  By  the  present  Survey 
this  is  called  the  Oneota,  a  term  proposed  by  McGee.  In  the 
author's  previous  investigation  of  the  deep  wells  of  eastern 
Iowa,  this  dolomite  was  found  to  be  divided  by  a  medial 
sandstone,  the  equivalent  of  the  New  Richmond  of  the 
Wisconsin  and  Minnesota  geologists.  Arenaceous  strata 
corresponding  to  the  New  Richmond  were  also  found  in  the 
field  by  Calvin  in  the  outcrops  of  the  Oneota  in  Allamakee 
county.  As  the  New  Richmond  occasionally  fails  to  appear 
in  deep  well  sections  it  is  found  convenient  to  retain  the 
Oneota  as  a  term  including  the  entire  body  of  dolomite 
between  the  Jordan  and  the  Saint  Peter.  McGee,  however, 
limited  the  original  definition  to  the  lower  division  here 
called  the  Lower  Oneota,  termed  by  the  Minnesota  survey 
the  "Main  body  of  limestone."  The  Upper  Oneota  of  this 
paper,  the  equivalent  of  the  Shakopee  of  Minnesota,  McGee 
included,  together  with  the  New  Richmond,  in  the  Saint 
Peter.  But  the  evidence  here  presented  proves  the  Upper 
Oneota  so  thick  and  so  persistent  that  no  reason  remains  for 

*  Geology  of  Allamakee  county,  Iowa  Qeol.  Surv.,  vol.  IV.    1894. 
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is  employed  by  Hall  and  Sardeson,  but  its  identity  with  the 
typical  "  Potsdam  "  of  New  York  remains  to  be  proven.  As 
used  by  Hall  in  the  first  geological  survey  of  Iowa  and  by 
the  Wisconsin  geologists,  the  Potsdam  includes  not  only  the 
Basal  sandstone,  but  the  Jordan  and  Saint  Lawrence  also. 
As  used  by  the  state  geologists  of  Minnesota,  the  Potsdam  is 
restricted  to  the  quartzites  which  in  Iowa  have  been  alloted 
to  the  Algonkian.  Avoiding,  then,  the  use  of  a  term  so  ambig- 
uous, which  has  at  least  three  distinctly  different  meanings  in 
the  geological  literature  of  the  upper  Mississippi  valley,  we 
designate  provisionally  as  the  Basal  sandstone  the  strata 
included  between  the  summit  of  the  Algonkian  and  the  base 
of  the  Saint  Lawrence,  which  is  the  first  formation  of  dolo- 
mites and  shales  below  the  Jordan.     It  thus  embraces  the 

equivalents  of  the  Dresbach  sandrock  with  the  unnamed  shale 

» 

beneath  it,  and  of  the  Hinckley  sandrock  with  the  unnamed 
red  shales  and  red  sandrock  beneath  it. 

With  our  present  knowledge,  the  Basal  sandstone  may  be 
ranked  as  the  lowest  member  of  the  Saint  Croix.  In  the  ear- 
lier stages  of  the  investigation  it  was  designated  simply  as  a 
sandstone  lying  below  the  formation  then  termed  the  Lower 
Saint  Croix.*  In  this  preliminary  paper  a  dual  division  of  the 
Saint  Croix  in  Iowa  was  proposed,  the  upper  member  being 
termed  the  Upper  Saint  Croix,  consisting  of  sandstones;  and 
the  lower  member  the  Lower  Saint  Croix,  composed  of  dolo- 
mites and  shales.  Ranking  now  the  Basal  sandstone  with  the 
Saint  Croix,  these  terms  lose  their  appropriateness;  and  the 
progress  of  the  investigation  so  fully  confirms  the  earlier 
diflferentiation  that  we  need  hesitate  no  longer  to  apply  to  the 
strata  of  the  Saint  Croix  lying  above  the  Basal  sandstone,  the 
terms  already  in  use  in  Minnesota,  viz.,  the  Jordan  sandstone 
and  the  Saint  Lawrence  dolomites  and  shales. 

SAINT  LAWRENCE  AND  JORDAN. 

The  Saint  Lawrence  dolomites  and  shales  rest  directly  upon 
the  Basal  sandstone.     In  eastern  Iowa  they  constitute  a  well 

^Thickness  of  Paleozoic  strata  of  Northeastern  Iowa,  Iowa  Geol.  Surv.,  vol.  Ill,  pp.  18&-188. 


142  ARTESIAN  WELLS  OF  IOWA. 
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hundred  to  two  hundred  feet.  The  combined  thickness  of  the 
two  upper  divisions  of  the  Saint  Croix  is  singularly  uniform 
and  averages  about  three  hundred  feet.  Both  the  Jordan 
and  Saint  Lawrence  outcrop  in  the  extreme  northeastern  part 
of  the  state,  where  they  were  first  recognized  in  the  field  in 
Iowa  by  Calvin*  as  distinct  formations. 

UPPER  ONEOTA,  NEW  RICHMOND,  AND  LOWER  ONEOTA. 

Upon  the  Jordan  sandstone  rests  a  massive  dolomite,  desig- 
nated by  Hall  and  by  White  in  the  earlier  geological  surveys 
of  the  state  as  the  Lower  Magnesian.  By  the  present  Survey 
this  is  called  the  Oneota,  a  term  proposed  by  McGee.  In  the 
author's  previous  investigation  of  the  deep  wells  of  eastern 
Iowa,  this  dolomite  was  found  to  be  divided  by  a  medial 
sandstone,  the  equivalent  of  the  New  Richmond  of  the 
Wisconsin  and  Minnesota  geologists.  Arenaceous  strata 
corresponding  to  the  New  Richmond  were  also  found  in  the 
field  by  Calvin  in  the  outcrops  of  the  Oneota  in  Allamakee 
county.  As  the  New  Richmond  occasionally  fails  to  appear 
in  deep  well  sections  it  is  found  convenient  to  retain  the 
Oneota  as  a  term  including  the  entire  body  of  dolomite 
between  the  Jordan  and  the  Saint  Peter.  McGee,  however, 
limited  the  original  definition  to  the  lower  division  here 
called  the  Lower  Oneota,  termed  by  the  Minnesota  survey 
the  ''Main  body  of  limestone."  The  Upper  Oneota  of  this 
paper,  the  equivalent  of  the  Shakopee  of  Minnesota,  McGee 
included,  together  with  the  New  Richmond,  in  the  Saint 
Peter.  But  the  evidence  here  presented  proves  the  Upper 
Oneota  so  thick  and  so  persistent  that  no  reason  remains  for 

*  Geology  of  Allamakee  county,  Iowa  Geol.  Surv.,  vol.  IV.    1894. 
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including  it  in  a  formation  so  distinctively  a  sandstone  as  is 
the  Saint  Peter.     Its  alliance  is  clearly  with  the  Oneota.* 

The  evidence  from  deep  wells  proves  also  what  before  was 
a  matter  of  conjucture  only,  that  the  Oneota  passes  south  and 
west  of  the  narrow  area  of  its  outcrop  in  Allamakee  and  Clay- 
ton counties  and  underlies  nearly  the  whole  of  the  state. 
Throughout  this  great  extent  it  preserves  unchanged  the 
characteristics  of  its  outcrop,  its  complete  and  perfect  dolo- 
mitization  and  its  greater  or  less  admixture  with  arenaceous 
material.  The  thickness  has  not  been  found  less  than  that 
of  its  outcrop,  which  has  been  estimated  at  300  feet.  Over 
northeastern  Iowa  it  ranges  from  300  to  400  feet.  At  Boone 
it  may  reach  500  feet,  at  Ames  about  600  feet  and  in  south- 
eastern Iowa  it  seems  to  be  still  thicker.  The  Upper  Oneota 
alone  is,  usually  about  100  feet  thick. 

Thus  below  the  Saint  Peter  the  drill  entei^s  three  great 
masses  of  dolomite,  the  Upper  Oneota,  the  Lower  Oneota  and 
tne  Saint  Lawrence.  These  three  formations  with  the  inter- 
vening sandstones  have  been  classed  together  by  Hall  and 
Sardeson  as  the  Magnesian  series.  This  term  is  particularly 
welcome  to  students  of  artesian  records,  since  the  upper  and 
lower  limits  of  the  series  are  so  well  marked  that  drillers 
usually  recognize  them  even  when  they  may  fail  to  put  on 
record  the  different  members  of  it.  The  entire  thickness  of 
the  series  ranges  from  between  500  and  600  feet  in  northeast- 
em  Iowa  to  700  feet  in  central  Iowa,  and  to  800  feet  and  over 
in  the  southeastern  portion  of  the  state.  The  aggregate  of 
the  maxima  of  the  five  different  formations  which  constitute 
the  series,  as  given  by  Hall  and  Sardeson,*  amounts  to  673 
feet  in  Minnesota. 

The  following  table  exhibits  some  of  the  various  designa- 
tions which   have   been   used   in    the    classification   of    the 


*Thl8  classification  of  the  Oneota  Is  clearly  stat-ed  In  the  author's  previous  paper  on  the 
deep  wells  of  Iowa;  Iowa  Gcol  Surv..  vol.  I  If.  pp.  180-184.  and  it  is  difficult  to  conceive  how  we 
could  have  been  misunderf>tood  and  misquoteo  by  Sardeson  as  includini?  the  Upper  Oneota 
and  the  New  Richmond  with  the  Saint  Peter,  as  stated  in  his  paper  on  the  Saint  Peter  sand- 
atone.    (Bull.  Minn.  Acad,  of  Nat.  Sd..  vol.  IV,  No.  1.  Ft.  1.  pp.  65-80.) 

*  The  Magnesian  series  of  the  northwestern  states.    Bui.  O.  S.  A.,  vol.  VI,  p.  170. 
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Cambrian  of  the  Upper  Mississippi  valley.     The  Saint  Peter 
is  added  for  the  sake  of  clearness. 
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SAINT   PETER. 

This  bed  of  white  incoherent  sand  is  also  a  remarkably  per- 
sistent formation.  In  no  well  in  the  state  deep  enough  to 
reach  its  assumed  horizon  does  it  fail  to  appear,  if  the  record 
and  other  data  are  complete.  The  normal  thickness  seems  to 
be  about  100  feet.  It  never  much  exceeds  this  limit;  and  it 
occasionally  pinches  to  thirty  or  even  to  fifteen  or  twenty 
feet,  either  from  inequalities  in  the  surface  of  the  Upper 
Oneota,  or  from  erosion  suffered  before  the  Trenton  was  laid 
down  upon  it. 

At  a  few  points  the  Saint  Peter  includes  intercalary  beds  of 
shale,  as  at  Boone  and  Sabula,  and  of  limestone  as  at  Dubuque 
and  possibly  at  Postville.  More  frequently  passage  beds  of 
shale  occur  in  the  Upper  Oneota  to  the  Saint  Peter.  These 
are  specially  heavy  at  Anamosa.  Commonly  the  Saint  Peter 
is  overlain  by  Trenton  shales  which  sometimes  are  arenaceous, 
as  at  Washington. 
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In  the  midst  of  the  oscillations  of  the  Ordovician  sea  bot- 
tom and  the  shifting  of  its  shore  line,  which  permitted  now 
the  laying  down. of  the  limestones  and  shales  of  the  Upper 
Oneota  and  now  the  shales  and  limestones  of  the  Trenton, 
there  occurred  the  conditions  which  now  can  scarcely  be 
imagined  on  which  depended  the  deposition  of  the  Saint 
Peter  sandstone.  The  succession  from  the  Saint  Peter 
upward  may  be  explained  by  a  depression  of  a  base-leveled 
Oneota  land  allowing  the  sea  to  transgress  the  whole  width  of 
Iowa  and  far  into  Wisconsin  and  Minnesota.  .  As  the  land  grad- 
ually subsided  the  long  line  of  its  sea  beaches  advanced  little 
by  little  toward  the  north  and  east,  leaving  spread  out  behind  it 
a  broad  sheet  of  beach  sands,  just  as  the  prairie  fire  leaves  in 
its  track  a  continuous  area  of  burned  and  blackened  vegetation. 
In  coast  marshes  these  sands  would,  by  organic  acids  which 
would  dissolve  their  ferruginous  stains,  be  bleached  white  as 
we  see  them  to-day.  With  continued  subsidence  they  would 
be  covered  with  finer  sediments,  with  clays  and  marls  washed 
from  the  shore,  and  at  last  with  the  limestones  of  the  deeper 
Trenton  sea.  In  some  such  way,  perhaps,  was  this  one  of  the 
channels  for  the  futui*e  artesian  waters  of  the  state  made 
ready.  But  a  diificulty  lies  in  the  nature  of  the  grains  of  this 
white  sand.  They  are  rounded  and  worn  and  polished  as  are 
no  beach  sands  on  any  sea  coast  to-day.  Possibly  their  forms 
may  have  been  given  them  by  the  wind,  and  they  were  long 
blown  about  in  some  ancient  desert  before  they  were  sea  laid. 
However  this  may  be,  these  rounded,  incoherent  grains  make 
an  excellent  water-way,  and  they  are  so  distinct  from  any 
sandstone  above  them  that  the  experienced  driller  may  always 
be  expected  to  recognize  the  Saint  Peter  when  he  comes  to  it. 

GALENA-TRENTON. 

As  used  in  this  report,  the  Galena-Trenton  includes  both  the 
lower  non-magnesian  limestone  and  shales  to  which  the  term 
Trenton  is  popularly  restricted  and  also  the  upper  dolomite 
beds  which  are  known  as  the  Galena,  the  lead-bearing  rock  of 
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Dubuque  county  and  adjacent  areas  in  Wisconsin  and  Illinois. 
The  difference  between  the  Galena  and  the  Lower  Trenton  is 
considered  merely  lithological  and  not  f ormational.  That  the 
two  constitute  but  one  formation  whose  strata  have  been  dif- 
ferently affected  in  different  places  by  the  process  of  dolo- 
mitization  is  well  nigh  proven  by  the  results  of  investigation 
of  deep  wells  of  the  state.  To  demonstrate  their  f  ormational 
identity  it  will  be  necessary  to  trace  through  both  the  same 
life  zones  and  this  may  be  left  in  confidence  to  future  work  in 
the  field.  It  was  indeed  from  paleontological  evidence  gath- 
ered in  Minnesota  that  the  suggestion  was  first  made  by  N. 
H.  Winchell*  that  the  ' '  Galena  limestone  is  only  a  phase  of 
the  Trenton,  intensified  in  the  typical  region,  but  fading  out 
in  all  directions.  It  is  a  convenient  designation  in  Iowa  and 
some  parts  of  Wisconsin  and  Illinois,  but  in  Minnesota  its 
convenience  hardly  warrants  its  continued  use. ' ' 

The  same  conclusion  was  reached  by  Calvint  from  his 
examination  of  the  samples  of  the  Postville  well,  and  it  is 
fully  corroborated  by  a  large  amount  of  still  stronger  evi- 
dence from  other  borings.  In  the  western  part  of  the  state 
the  limestones  of  the  group  appear  wholly  magnesian.  In 
eastern  Iowa  the  upper  portion  only  is  dolomitic,  yet  occa- 
sionally even  here  the  entire  body  of  strata  has  been  dol- 
omitized,  as  at  Sabula.  Occasionally  the  whole  formation 
escaped  dolomitization,  as  at  Manchester  and  PostviUe. 

The  lower  beds  of  the  Trenton  are  often  shaly.  Bitumi- 
nous shales,  occurring  at  Washington,  Cedar  Rapids,  and  Ana- 
mosa,  still  encourage  the  hope  that  possibly  in  Iowa  the  drill 
may  sometime  strike  beneath  the  saddle  of  an  anticline  some 
store  of  gas  or  oil,  such  as  in  other  states  are  derived  from 
similar  beds  at  the  same  horizon. 

The  thickness  of  the  Galena-Trenton  usually  lies  between 
300  and  400  feet.  At  Calmar  we  have  provisionally  assigned 
538  feet  to  it,  and  at  Des  Moines  nearly  as  much.     In  extreme 

*The  Age  of  the  Galena  Limestone.    Am.  Oeol.,  vol  XV.  p.  33     1895. 
tAm.  Oeol.,  vol.  XVII,  pp.  195-903.    1806. 
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southeastern  Iowa  it  attenuates  over  the  dome  of  the  Lower 
Ordovician  strata  and  is  only  140  feet  thick. 

MAQUOKJ^TA   SHALE. 

This  is  a  heavy  bed  of  bluish  or  greenish  shale,  usually 
somewhat  calcareo-magnesian,  outcropping  in  a  narrow  belt 
in  northeastern  Iowa  from  Clinton  to  the  Minnesota  line.  Its 
greatest  estimated  thickness  of  outcrop  has  been  100  feet.* 
But  in  this  investigation  it  has  been  found  to  underlie  the 
larger  portion  of  state,  and  to  reach  an  unsuspected  maxi- 
mum thickness  of  about  275  feet  in  east  central  Iowa  in  the 
valley  of  the  Cedar.  It  is  often  parted  by  a  bed  of  dolomitic 
limestone,  and  it  is  not  impossible  that,  were  fossils  obtaina- 
ble, the  lower  shale  would  be  found  to  belong  to  the  Galena, 
which  in  part  passes  into  shale  in  Minnesota. 

SILURIAN. 

The  Maquoketa  is  the  highest  member  of  the  Ordovician, 
or  Lower  Silurian.  The  Upper  Silurian,  or  the  Silurian  as  it 
is  better  termed,  comprises  in  eastern  Iowa  several  divisions 
which  are  all  included,  so  far  as  our  present  knowledge  goes, 
in  the  Niagara.  These  divisions  do  not  concern  us  in  this 
investigation,  since  they  can  not  be  discriminated  in  the 
powdered  rock  of  well  drillings.  Passing  westward  and 
southward  from  the  outcrop,  the  dolomites  of  the  Silurian  are 
affected  with  lithological  changes  which  indicate  the  presence 
of  other  formations  than  the  Niagara.  At  Marshalltown  the 
Silurian  contains  gypsum,  and  at  Des  Moines,  Pella,  Oska- 
loosa  and  Glenwood,  gypsum  and  gypseous  marls  are  so 
pronounced  a  feature  that  the  Onondaga  salt  group  may  be 
held  to  be  present  with  a  fair  degree  of  probability.  Again, 
to  the  south  the  Silurian  becomes  arenaceous,  as  was  first 
noted  by  Calvin  in  the  deep  well  at  Washington.  These  Sil- 
urian sandstones  extend  widely  over  southeastern  Iowa,  and 
would  naturally  fall  in  with  the  Oriskany.  The  greatest  cer- 
tain measurements  of  the  Silurian  are  obtained  at  Davenport, 

*Eeyet,  Iowa  Oeol.  Surv.,  vol.  I,  Plate  ii. 
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344  feet,  and  at  Cedar  Rapids,  415  feet.  At  Des  Moines  we 
have  assigned  it  a  thickness  of  507  feet.  If  our  interpreta- 
tion of  the  data  is  correct,  it  persists  as  far  to  the  southwest 
as  Glen  wood,  retaining  there  a  thickness  of  400  feet.  The 
Niagara  feathers  out  in  the  extreme  northern  part  of  the 
state.  In  northwest  Iowa  it  is  probably  wanting,  and  over 
the  dome  in  southeastern  Iowa  it  attenuates  to  120  feet  at 
Keokuk. 

DEVONIAN. 

The  following  classification  of  the  Devonian  represents  the 
results  of  recent  investigations  in  the  field. 


SYSTEM. 

SERIES. 

STAGE. 

SUB-STAGE. 

Upper  Devonian. 

State  Quarry. 

Middle  Devonian 

Lime  Creek. 

Owen. 
Hackberry. 

Devonian. 

Cedar  Valley 

Mason  City. 
Solon. 

Wapsipinicon. 

Upper  Davenport. 
Lower  Davenport. 
Independence. 
Otis. 

These  divisions  have  not  been  clearly  made  out  in  the 
records  of  the  deep  wells.  The  limestones  are  indistinguish- 
able one  from  another  in  the  rock-meal  and  powder  of  the 
drillings.  The  Independence  shale  is  probably  not  persistent 
over  wide  areas,  and  the  Lime  Creek  shale  cannot  be  separated 
in  well  sections  from  the  similar  shale,  called  the  Kinderhook, 
which  directly  overlies  it.  In  the  northern  part  of  the  state, 
where  the  Devonian  is  dolomitized,  it  becomes  diflBcult  or 
impossible  to  draw  the  line  of  demarkation  between  it  and  the 
underlying  dolomites  qf  the  Silurian.  For  these  reasons  the 
thickness  of  the  Devonian  cannot  be  stated  with  confidence. 
It  probably  somewhat  exceeds  300  feet  immediately  west  of 
its  outcrop  in  central  Iowa. 
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KINDERHOOK  SHALES. 

This  heavy  bed  of  shale  outcrops  at  many  points  from  Bur- 
lington northwestward  along  the  western  portion  of  the 
Devonian  outcrop  and  the  eastern  limit  of  the  Mississippian. 
Heretofore  it  has  been  classed  with  the  latter  formation,  but 
the  evidence  at  hand  now  seems  to  indicate  an  alliance  rather 
with  the  Devonian,  Since  the  question  is  still  unsettled,  the 
Kinderhook  shale  is  as  far  as  possible  separated  from  both 
formations  in  our  sections.  In  consulting  these  sections  it 
must  be  remembered  that  it  may  include  any  upper  shales  of 
the  Devonian  and  may  indeed  belong  wholly  to  that  age. 

At  Marshalltown  the  Kinderhook  shale  is  175  feet  thick. 
In  southeastern  Iowa  it  reaches  a  maximum  thickness  of 
from  about  20()  to  250  feet.  Any  limestones  of  the  Kinder- 
hook must  here  be  classed  with  the  undifferentiated  Missis- 
sippian. 

MISSISSIPPIAN. 

As  this  term  is  often  here  used,  it  does  not  include  the  Kin- 
derhook shale,  but  consists  of  the  various  stages  of  the  Lower 
Carboniferous,  which  lie  above  that  formation.  These  stages 
have  been  skillfully  made  out  in  southeastern  Iowa  by  Bain, 
Keyes,  and  Gordon.  At  a  distance  from  the  outcrop  they 
usually  cannot  be  distinguished.  Specially  characteristic  of  the 
Mississippian  are  the  cherty  beds  which  it  carries.  These  are 
particularly  noticeable  at  Glen  wood  and  Atlantic,  and  their 
significance  in  indicating  the  horizon  of  the  floor  of  the  Upper 
Carboniferous  in  that  region  is  discussed  under  the  geology 
of  southwestern  Iowa  in  another  part  of  this  report. 

At  Atlantic  and  at  Boone  the  Mississippian,  exclusive  of  the 
Kinderhook  shale,  seems  to  be  about  400  feet  thick.  At 
Oskaloosa  it  may  be  455  feet  thick,  but  our  data  there  are  not 
reliable.  The  Mississippian  may  be  assumed  to  underlie  the 
entire  Carboniferous  area  of  the  state,  and  it  probably  extends 
widely  into  northwest  Iowa  beneath  a  cover  of  Cretaceous 
sediments  and  drift. 

IBG.Bep 
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UPPER  CARBONIFEROUS. 


There  are  but  one  or  two  wells  in  the  state  with  complete 
records  so  situated  that  they  could  be  expected  to  show  the 
division  of  the  Upper  Carboniferous  into  its  two  stages,  the 
Missouri,  or  Upper  Coal  Measures,  and  the  Des  Moines,  or 
Lower  Coal  Measures.  At  Glenwood  this  division  is  clearly- 
drawn,  the  Missouri  being  670  feet  thick  and  the  Des  Moines 
390  feet  thick.  The  total,  1,060  feet,  is  the  maximum  observed 
thickness  of  the  Coal  Measures  in  Iowa.  Possibly  they  may 
be  somewhat  thicker  to  the  east  and  south,  but  the  enormous 
estimates  of  nearly  double  this  thickness  that  have  been 
freely  made  are  without  foundation  in  fact.  Singularly 
enough  the  first  estimate  of  the  thickness  of  the  Iowa  Coal 
Measures,  made  by  Hall  nearly  forty  years  ago,  coincides 
with  that  given  by  this  investigation.  At  Centerville  the 
Des  Moines  is  probably  about  600  feet  thick,  so  that  the  sum 
of  the  maxima  of  the  Des  Moines  and  Missouri  is  nearly  1,300 
feet. 

From  southwestern  Iowa  the  Coal  Measures  attenuate  to 
the  north  and  east.  At  Des  Moines  they  are  still  nearly  400 
feet  thick,  and  they  spread  uncomf ormably  in  outliers  over  all 
the  outcrops  of  lower  formations  as  far  as  the  Ordovician. 
The  few  artesian  well  borings  over  the  coal  area  have  discov- 
ered no  seams  of  coal  suitable  for  profitable  working,  and  so 
far  they  confirm  the  conclusion  of  the  essentially  local  char- 
acter of  the  coal  seams  of  the  Iowa  field. 

THE  CRETACEOUS. 

By  the  end  of  the  Carboniferous  the  entire  surface  of  Iowa 
had  emerged  from  the  sea,  and  it  remained  a  land  surface 
until,  at  the  end  of  the  Lower  Cretaceous,  the  western  portion 
at  least  of  the  state  subsided  suflBciently  to  allow  an  invasion 
from  the  west  of  the  Cretaceous  sea  which  then  covered  the 
Great  Plains.  The  first  sediments  laid  down  consisted  of  a 
body  of  strata  known  as  the  Dakota.  This  is  composed 
largely  of  sandstone,  and  to  the  northwest  constitutes  the 
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artesian  reservoir  and  aquifer  of  the  Dakota  artesian  area. 
From  this  area  Iowa  is  unfortunately  separated  by  the  out- 
crops of  earlier  formations  and  the  valleys  of  intervening 
rivers.  The  Dakota,  however,  constitutes  a  well  defined 
water  horizon  in  northwestern  Iowa,  extending  nearly  or 
quite  to  the  valley  of  the  Des  Moines  river.  So  gentle  is  the 
inclination  of  the  Dakota  that  its  waters  have  low  head,  and 
they  are  usually  unfit  for  public  supply  from  the  large  amount 
of  mineral  salts  which  they  have  taken  up  from  the  marls  with 
which  the  water-bearing  sandstones  are  interbedded.  Above 
the  Dakota  lie  various  members  of  the  Cretaceous,  which 
sometimes  have  been  pierced  by  the  drill,  but  of  which  noth- 
ing new  has  been  thus  learned.  The  Cretaceous  frequently 
contains  beds  of  lignite,  and  these  and  the  buried  vegetal 
accumulations  of  the  drift  sometimes  evolve  large  quantities 
of  gas — chiefiy  carbon  dioxide,  or  choke  damp — which,  when 
set  free  by  the  drill,  produces  the  curious  phenomena  of  the 
"blowing  wells"  of  northwestern  Iowa. 

Area  of  Supply. 

The  chief  artesian  supply  of  Iowa  is  derived  from  the  out- 
crops of  Ordovician  and  Cambrian  sandstones  in  Minnesota  and 
Wisconsin.  The  size  of  this  area,  which  forms  the  main  gath- 
ering ground  of  Iowa  artesian  waters,  may  be  roughly  esti- 
mated at  about  14,500  square  miles.  Its  irregular  form  and 
topographic  relations  are  exhibited  on  the  accompanying  map, 
Plate  VII. 

The  outcrop  of  the  Saint  Peter  occupies  a  U-shaped  area 
extending  from  St.  Paul,  Minn.,  to  the  mouth  of  the  Turkey 
river,  in  Iowa,  thence  across  southern  Wisconsin  along  the 
valleys  of  the  Wisconsin  and  Rock  rivers,  and  thence  north- 
east parallel  with  the  shore  of  Lake  Michigan,  to  at  least  the 
southern  boundary  of  the  Upper  Peninsula.  Over  much  of  this 
region  the  Saint  Peter  forms  a  narrow  sinuous  band,  follow- 
ing the  streamways  and  branching  and  rebranching  with  their 
tributaries,  until  in  any  river  basin  the  form  of  the  area  resem- 
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UPPER  CARBONIFEROUS. 

There  are  but  one  or  two  wells  in  the  state  with  complete 
records  so  situated  that  they  could  be  expected  to  show  the 
division  of  the  Upper  Carboniferous  into  its  two  stages,  the 
Missouri,  or  Upper  Coal  Measures,  and  the  Des  Moines,  or 
Lower  Coal  Measures.  At  Glenwood  this  division  is  clearly- 
drawn,  the  Missouri  being  670  feet  thick  and  the  Des  Moines 
390  feet  thick.  The  total,  1,060  feet,  is  the  maximum  observed 
thickness  of  the  Coal  Measures  in  Iowa.  Possibly  they  may 
be  somewhat  thicker  to  the  east  and  south,  but  the  enormous 
estimates  of  nearly  double  this  thickness  that  have  been 
freely  made  are  without  foundation  in  fact.  Singularly 
enough  the  first  estimate  of  the  thickness  of  the  Iowa  Coal 
Measures,  made  by  Hall  nearly  forty  years  ago,  coincides 
with  that  given  by  this  investigation.  At  Centerville  the 
Des  Moines  is  probably  about  600  feet  thick,  so  that  the  sum 
of  the  maxima  of  the  Des  Moines  and  Missouri  is  nearly  1,300 
feet. 

From  southwestern  Iowa  the  Coal  Measures  attenuate  to 
the  north  and  east.  At  Des  Moines  they  are  still  nearly  400 
feet  thick,  and  they  spread  uncomf ormably  in  outliers  over  all 
the  outcrops  of  lower  formations  as  far  as  the  Ordovician. 
The  few  artesian  well  borings  over  the  coal  area  have  discov- 
ered no  seams  of  coal  suitable  for  profitable  working,  and  so 
far  they  confirm  the  conclusion  of  the  essentially  local  char- 
acter of  the  coal  seams  of  the  Iowa  field. 

THE  CRETACEOUS. 

By  the  end  of  the  Carboniferous  the  entire  surface  of  Iowa 
had  emerged  from  the  sea,  and  it  remained  a  land  surface 
until,  at  the  end  of  the  Lower  Cretaceous,  the  western  portion 
at  least  of  the  state  subsided  suflBciently  to  allow  an  invasion 
from  the  west  of  the  Cretaceous  sea  which  then  covered  the 
Great  Plains.  The  first  sediments  laid  down  consisted  of  a 
body  of  strata  known  as  the  Dakota.  This  is  composed 
largely  of  sandstone,  and  to  the  northwest  constitutes  the 
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Wisconsin.  The  size  of  this  area,  which  forms  the  main  gath- 
ering ground  of  Iowa  artesian  waters,  may  be  roughly  esti- 
mated at  about  14,500  square  miles.  Its  irregular  form  and 
topographic  relations  are  exhibited  on  the  accompanying  map, 
Plate  VII. 

The  outcrop  of  the  Saint  Peter  occupies  a  U-shaped  area 
extending  from  St.  Paul,  Minn.,  to  the  mouth  of  the  Turkey 
river,  in  Iowa,  thence  across  southern  Wisconsin  along  the 
valleys  of  the  Wisconsin  and  Rock  rivers,  and  thence  north- 
east parallel  with  the  shore  of  Lake  Michigan,  to  at  least  the 
southern  boundary  of  the  Upper  Peninsula.  Over  much  of  this 
region  the  Saint  Peter  forms  a  narrow  sinuous  band,  follow- 
ing the  streamways  and  branching  and  rebranching  with  their 
tributaries,  until  in  any  river  basin  the  form  of  the  area  resem- 
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lie  with  a  gentle  southward  inclination.  In  the  northern  por- 
tion of  Iowa  they  also  sag  from  the  eastern  and  western 
boundaries  of  the  state  toward  a  median  line,  forming  a 
shallow  trough  whose  axis  extends  north  and  south  in  about 
the  longitude  of  the  Upper  Des  Moines  river.  In  southern 
Iowa  the  western  limb  of  this  syneline  is  depressed,  and  over 
the  southwestern  counties  the  strata  lie  more  nearly  level. 
In  southeastern  Iowa  the  lower  terranes  of  the  Paleozoic  rise 
in  a  dome  now  covered  and  concealed  by  the  later  formations 
of  the  same  series. 

The  attitude  of  the  strata  as  we  have  just  described  it  may 
be  roughly  illustrated,  if  the  reader  will  lav  a  sheet  of  paper 
on  the  table  before  him,  and  then  lift  it  for  an  inch  or  so  by 
the  upper  right  hand  and  upper  left  hand  corners — the  former 
a  little  higher  than  the  latter — at  the  same  time  slightly 
raising  the  lower  right  hand  corner,  as  with  a  pencil  laid 
underneath  it. 

While  this  illustration  represents  the  lie  of  the  sedimentary 
series  as  a  whole,  it  fails  to  bring  to  mind  the  disposition  of 
the  outcrops  of  the  different  formations  of  which  the  series 
is  composed.  On  consulting  the  map,  plate  V,  it  will  be 
seen  that  east  of  the  Des  Moines  river  these  outcrops  lie  in 
approximately  parallel  and*  concentric  belts,  surrounding  the 
elevation  of  the  northeastern  corner  of  the  state,  and  stretch- 
ing from  the  Minnesota  line  across  the  state  to  the  Missis- 
sippi river  in  northwest  southeast  direction,  at  right  angles 
to  the  dip  of  the  strata.  West  of  the  Des  Moines  river  the 
disposition  of  the  surface  strata  is  under  the  control  of  two 
great  unconformities — excluding  that  of  the  drift  —  the 
unconformity  of  the  coal  measures,  and  that  of  the  Creta- 
ceous, with  the  underlying  terranes.  The  Cretaceous,  in 
especial,  is  conceived  to  cover  the  upturned  and  beveled 
edges  of  the  older  formations,  which  otherwise  would  appear 
surrounding  the  elevation  of  the  northwestern  corner  of  the 
state  in  concentric  belts  narrower  but  similar  to  those  which 
girdle  the  northeastern  elevation. 
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It  will  often  be  necessary  to  refer  to  the  various  geological 
formations  which  are  pierced  by  the  drill  in  different  parts  of 
the  state,  and  if  the  reader  is  somewhat  unfamiliar  with 
them,  or  with  their  recent  nomenclature,  the  chart  may  be 
consulted — plate  VI — which  presents  graphically  their  place 
and  nature  and  greatest  thickness.  Let  it  be  remembered  that 
the  table  does  not  represent  the  thickness  of  the  entire  sedi- 
mentary series  as  it  will  be  found  at  any  one  locality.  Where 
one  formation  is  thickest,  another  may  be  thin  or  absent. 
The  table  states  the  maximum  thickness  of  each  formation 
as  disclosed  in  the  present  investigation,  and  it  may  be  com- 
pared with  the  general  geological  section  of  Keyes,*  which 
gives  the  thickness  of  the  formations  as  estimated  at  that 
time  from  their  outcrops.  The  sum  of  the  thicknesses  of  the 
geological  formations  above  the  Sioux  quartzite  as  given  by 
Keyes  amounts  to  4,7(X)  feet.  In  our  computation  the  sum 
of  the  maxima  of  the  same  formations  reaches  (5,020  feet,  and 
that,  too,  although  the  thickness  of  the  coal  measures  is 
reduced  over  500  feet. 

The  formations  of  Iowa  have  been  frequently  described  in 
geological  literature,  and  no  detailed  account  of  them  need 
here  be  given.  The  changes  which  obtain  as  they  pass 
beneath  the  surface  beyond  their  outcrops  were  stated,  so  far 
as  then  known,  by  the  author  in  a  previous  paper.*  The 
present  investigation  has  added  a  number  of  interesting  facts 
to  those  already  known,  and  a  brief  summary  may  here  be 
useful,  although  the  full  account  of  the  geology  of  the  deeper 
strata  will  be  found  in  the  following  section  under  the  discus- 
sion of  the  geology  of  each  of  the  sections  along  which  the 
wells  of  the  state  are  ranged. 

ALGONKIAN. 

The  lowest,  the  oldest,  and  the  only  metamorphic  or  crys- 
talline rocks  of  Iowa  belong  to  this  age,  so  inconceivably 
remote  that  none  but  the  humblest  forms  of  living  creatures 

*Plate  ii,  vol.  I,  Iowa  Geological  Survey.    1893. 

^Thickness  of  Paleozoic  Strata  Northeastern  Iowa.     Iowa  Gtool.  Burv.,  vol.  Ill,  pp.  174-186. 
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limestones,  which  draw  a  large  amount  of  water  from  the 
area  of  supply  and  deliver  it  to  the  Iowa  wells  in  the  north- 
eastern  part  of  the  state. 

Limiting  our  calculations  to  the  outcrop  of  the  reservoir 
sandstones,  we  have  omitted  also  the  scores  of  thousands  of 
square  miles  in  the  Upper  Mississippi  valley,  in  which  these 
strata  are  buried  more  or  less  deeply  beneath  the  surface, 
their  pervious  layers  everywhere  being  water-logged.  The 
entire  storage  of  artesian  water  in  this  field  thus  becomes  so 
enormous  that  it  passes  beyond  any  ready  computation.  It 
represents  the  accumulation  of  centuries.  The  water  that 
rises  in  our  wells  may  have  fallen  upon  the  ground  as  rain 
before  the  discovery  of  America.  In  some  of  the  deeper 
strata  where  the  underground  water  is  static,  it  may  have 
been  imprisoned  in  the  earth  during  the  whole  of  human  his- 
tory and  even  since  remote  geological  ages. 

The  extent  of  the  area  of  supply  depends  upon  the  dip  of 
the  reservoir  rocks.  The  steeper  the  inclination  the  narrower 
must  be  the  outcrop,  as  is  graphically  illustrated  in  the  dia- 
gram below,  in  which  A,  B  and  C  represent  the  relative 
with  of  the  outcrops  of  three  strata  equal  in  thickness,  but 
differently  inclined,  A  at  3^,  B  at  10°,  and  C  at  20°  from  the 
horizontal  plane. 

It  must  be  reckoned  as  a  piece  of  good  fortune  that  the 
southward  slope  of  the  strata  of  the  Upper  Mississippi  valley 


Fig.  88. 


is  so  gentle.  To  this  fact  is  due  the  great  width  of  the  col- 
lecting area,  which,  with  other  circumstances,  forbids  any 
anxiety  as  to  the  exhaustion  of  the  artesian  reservoir.  Had 
the  receiving  strata  been  tilted  at  any  considerable  angle, 
their  width  of  outcrop  would  necessarily  have  been  measured 
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is  employed  by  Hall  and  Sardeson,  but  its  identity  with  the 
typical  ''  Potsdam  "  of  New  York  remains  to  be  proven.  As 
used  by  Hall  in  the  first  geological  survey  of  Iowa  and  by 
the  Wisconsin  geologists,  the  Potsdam  includes  not  only  the 
Basal  sandstone,  but  the  Jordan  and  Saint  Lawrence  also. 
As  used  by  the  state  geologists  of  Minnesota,  the  Potsdam  is 
restricted  to  the  quartzites  which  in  Iowa  have  been  alloted 
to  the  Algonkian.  Avoiding,  then,  the  use  of  a  term  so  ambig- 
uous, which  has  at  least  three  distinctly  different  meanings  in 
the  geological  literature  of  the  upper  Mississippi  valley,  we 
designate  provisionally  as  the  Basal  sandstone  the  strata 
included  between  the  summit  of  the  Algonkian  and  the  base 
of  the  Saint  Lawrence,  which  is  the  first  formation  of  dolo- 
mites and  shales  below  the  Jordan.  It  thus  embraces  the 
equivalents  of  the  Dresbach  sandrock  with  the  unnamed  shale 
beneath  it,  and  of  the  Hinckley  sandrock  with  the  unnamed 
red  shales  and  red  sandrock  beneath  it. 

With  our  present  knowledge,  the  Basal  sandstone  may  be 
ranked  as  the  lowest  member  of  the  Saint  Croix.  In  the  ear- 
lier stages  of  the  investigation  it  was  designated  simply  as  a 
sandstone  lying  below  the  formation  then  termed  the  Lower 
Saint  Croix.*  In  this  preliminary  paper  a  dual  division  of  the 
Saint  Croix  in  Iowa  was  proposed,  the  upper  member  being 
termed  the  Upper  Saint  Croix,  consisting  of  sandstones;  and 
the  lower  member  the  Lower  Saint  Croix,  composed  of  dolo- 
mites and  shales.  Ranking  now  the  Basal  sandstone  with  the 
Saint  Croix,  these  terms  lose  their  appropriateness;  and  the 
progress  of  the  investigation  so  fully  confirms  the  earlier 
differentiation  that  we  need  hesitate  no  longer  to  apply  to  the 
strata  of  the  Saint  Croix  lying  above  the  Basal  sandstone,  the 
terms  already  in  use  in  Minnesota,  viz.,  the  Jordan  sandstone 
and  the  Saint  Lawrence  dolomites  and  shales. 

SAINT  LAWRENCE  AND  JORDAN. 

The  Saint  Lawrence  dolomites  and  shales  rest  directly  upon 
the  Basal  sandstone.     In  eastern  Iowa  they  constitute  a  well 

*Thickness  of  Paleozoic  strata  of  Northeastern  Iowa,  Iowa  Geol.  Surv.,  vol.  Ill,  pp.  185-188. 
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defined  terrane  of  moderate  thickness,  but  to  the  west  they 
are  not  well  defined  with  the  scanty  data  at  hand.  They  are 
usually  glauconiferous  and  arenaceous.  The  Jordan  sand- 
stone succeeds  the  Saint  Lawrence.  It  is  a  saccharoidal 
sandstone  of  light  color.  Its  usual  thickness  is  from  one 
hundred  to  two  hundred  feet.  The  combined  thickness  of  the 
two  upper  divisions  of  the  Saint  Croix  is  singularly  uniform 
and  averages  about  three  hundred  feet.  Both  the  Jordan 
and  Saint  Lawrence  outcrop  in  the  extreme  northeastern  part 
of  the  state,  where  they  were  first  recognized  in  the  field  in 
Iowa  by  Calvin*  as  distinct  formations. 

UPPER  ONEOTA,  NEW  RICHMOND,  AND  LOWER  ONEOTA. 

Upon  the  Jordan  sandstone  rests  a  massive  dolomite,  desig- 
nated by  Hall  and  by  White  in  the  earlier  geological  surveys 
of  the  state  as  the  Lower  Magnesian.  By  the  present  Survey 
this  is  called  the  Oneota,  a  term  proposed  by  McGee.  In  the 
author's  previous  investigation  of  the  deep  wells  of  eastern 
Iowa,  this  dolomite  was  found  to  be  divided  by  a  medial 
sandstone,  the  equivalent  of  the  New  Richmond  of  the 
Wisconsin  and  Minnesota  geologists.  Arenaceous  strata 
corresponding  to  the  New  Richmond  were  also  found  in  the 
field  by  Calvin  in  the  outcrops  of  the  Oneota  in  Allamakee 
county.  As  the  New  Richmond  occasionally  fails  to  appear 
in  deep  well  sections  it  is  found  convenient  to  retain  the 
Oneota  as  a  term  including  the  entire  body  of  dolomite 
between  the  Jordan  and  the  Saint  Peter.  McGee,  however, 
limited  the  original  definition  to  the  lower  division  here 
called  the  Lower  Oneota,  termed  by  the  Minnesota  survey 
the  "Main  body  of  limestone."  The  Upper  Oneota  of  this 
paper,  the  equivalent  of  the  Shakopee  of  Minnesota,  McGee 
included,  together  with  the  New  Richmond,  in  the  Saint 
Peter.  But  the  evidence  here  presented  proves  the  Upper 
Oneota  so  thick  and  so  persistent  that  no  reason  remains  for 

*  Geology  of  Allamakee  county,  Iowa  Qeol.  Surv.,  vol.  IV.    1894. 
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including  it  in  a  formation  so  distinctively  a  sandstone  as  is 
the  Saint  Peter.     Its  alliance  is  clearly  with  the  Oneota.* 

The  evidence  from  deep  wells  proves  also  what  before  was 
a  matter  of  conjucture  only,  that  the  Oneota  passes  south  and 
west  of  the  narrow  area  of  its  outcrop  in  Allamakee  and  Clay- 
ton counties  and  underlies  nearly  the  whole  of  the  state. 
Throughout  this  great  extent  it  preserves  unchanged  the 
characteristics  of  its  outcrop,  its  complete  and  perfect  dolo- 
mitization  and  its  greater  or  less  admixture  with  arenaceous 
material.  The  thickness  has  not  been  found  less  than  that 
of  its  outcrop,  which  has  been  estimated  at  300  feet.  Over 
northeastern  Iowa  it  ranges  from  300  to  400  feet.  At  Boone 
it  may  reach  500  feet,  at  Ames  about  600  feet  and  in  south- 
eastern Iowa  it  seems  to  be  still  thicker.  The  Upper  Oneota 
alone  is.  usually  about  100  feet  thick. 

Thus  below  the  Saint  Peter  the  drill  enters  three  great 
masses  of  dolomite,  the  Upper  Oneota,  the  Lower  Oneota  and 
the  Saint  Lawrence.  These  three  formations  with  the  inter- 
vening sandstones  have  been  classed  together  by  Hall  and 
Sardeson  as  the  Magnesian  series.  This  term  is  particularly 
welcome  to  students  of  artesian  records,  since  the  upper  and 
lower  limits  of  the  series  are  so  well  marked  that  drillers 
usually  recognize  them  even  when  they  may  fail  to  put  on 
record  the  different  members  of  it.  The  entire  thickness  of 
the  series  ranges  from  between  500  and  600  feet  in  northeast- 
em  Iowa  to  700  feet  in  central  Iowa,  and  to  800  feet  and  over 
in  the  southeastern  portion  of  the  state.  The  aggregate  of 
the  maxima  of  the  five  different  formations  which  constitute 
the  series,  as  given  by  Hall  and  Sardeson,'^  amounts  to  673 
feet  in  Minnesota. 

The  following  table  exhibits  some  of  the  various  designa- 
tions  which  have  been  used   in   the    classification  of    the 


*This  classlficatloD  of  the  Oneota  is  clearly  stated  in  the  author's  previous  paper  on  the 
deep  wells  of  Iowa;  Iowa  Geol  Surv..  vol.  II C.  pp.  180-184.  and  it  is  dllBcnlt  to  conceive  how  we 
could  have  been  mlsunden^tood  and  misquotea  by  Sardeson  as  includlnic  the  Upper  Oneota 
and  the  New  Richmond  with  the  Saint  Peter,  as  stated  in  his  paper  on  the  Saint  Peter  sand- 
stone.   (Bull.  Minn.  Acad,  of  Nat.  Sci.,  vol.  IV,  No.  1,  Ft.  1,  pp.  d5-80.) 

*  The  Magnesian  series  of  the  northwestern  states.    Bui.  O.  S.  A.,  vol.  VI,  p.  170. 
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Cambrian  of  the  Upper  Mississippi  valley.     The  Saint  Peter 
is  added  for  the  sake  of  clearness. 
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SAINT  PETER. 

This  bed  of  white  incoherent  sand  is  also  a  remarkably  per- 
sistent formation.  In  no  well  in  the  state  deep  enough  to 
reach  its  assumed  horizon  does  it  fail  to  appear,  if  the  record 
and  other  data  are  complete.  The  normal  thickness  seems  to 
be  about  100  feet.  It  never  much  exceeds  this  limit;  and  it 
occasionally  pinches  to  thirty  or  even  to  fifteen  or  twenty 
feet,  either  from  inequalities  in  the  surface  of  the  Upper 
Oneota,  or  from  erosion  suffered  before  the  Trenton  was  laid 
down  upon  it. 

At  a  few  points  the  Saint  Peter  includes  intercalary  beds  of 
shale,  as  at  Boone  and  Sabula,  and  of  limestone  as  at  Dubuque 
and  possibly  at  Postville.  More  frequently  passage  beds  of 
shale  occur  in  the  Upper  Oneota  to  the  Saint  Peter.  These 
are  specially  heavy  at  Anamosa.  Commonly  the  Saint  Peter 
is  overlain  by  Trenton  shales  which  sometimes  are  arenaceous, 
as  at  Washington. 
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In  the  midst  of  the  oscillations  of  the  Ordovician  sea  bot- 
tom and  the  shifting  of  its  shore  line,  which  permitted  now 
the  laying  down. of  the  limestones  and  shales  of  the  Upper 
Oneota  and  now  the  shales  and  limestones  of  the  Trenton, 
there  occurred  the  conditions  which  now  can  scarcely  be 
imagined  on  which  depended  the  deposition  of  the  Saint 
Peter  sandstone.  The  succession  from  the  Saint  Peter 
upward  may  be  explained  b}^  a  depression  of  a  base-leveled 
Oneota  land  allowing  the  sea  to  transgress  the  whole  width  of 
Iowa  and  far  into  Wisconsin  and  Minnesota.  .  As  the  land  grad- 
ually subsided  the  long  line  of  its  sea  beaches  advanced  little 
by  little  toward  the  north  and  east,  leaving  spread  out  behind  it 
a  broad  sheet  of  beach  sands,  just  as  the  prairie  fire  leaves  in 
its  track  a  continuous  area  of  burned  and  blackened  vegetation. 
In  coast  marshes  these  sands  would,  by  organic  acids  which 
would  dissolve  their  ferruginous  stains,  be  bleached  white  as 
we  see  them  to-day.  With  continued  subsidence  they  would 
be  covered  with  finer  sediments,  with  clays  and  marls  washed 
from  the  shore,  and  at  last  with  the  limestones  of  the  deeper 
Trenton  sea.  In  some  such  way,  perhaps,  was  this  one  of  the 
channels  for  the  future  artesian  waters  of  the  state  made 
ready.  But  a  diflRculty  lies  in  the  nature  of  the  grains  of  this 
white  sand.  They  are  rounded  and  worn  and  polished  as  are 
no  beach  sands  on  any  sea  coast  to-day.  Possibly  their  forms 
may  have  been  given  them  by  the  wind,  and  they  were  long 
blown  about  in  some  ancient  desert  before  they  were  sea  laid. 
However  this  may  be,  these  rounded,  incoherent  grains  make 
an  excellent  water-way,  and  they  are  so  distinct  from  any 
sandstone  above  them  that  the  experienced  driller  may  always 
be  expected  to  recognize  the  Saint  Peter  when  he  comes  to  it. 

GALENA-TRENTON. 

As  used  in  this  report,  the  Galena-Trenton  includes  both  the 
lower  non-magnesian  limestone  and  shales  to  which  the  term 
Trenton  is  popularly  restricted  and  also  the  upper  dolomite 
beds  which  are  known  as  the  Galena,  the  lead-bearing  rock  of 


170  ARTESIAN   WELLS  OF  IOWA. 

secure  an  abundant  flow  of  water,"  and  enterprises  with  such 
large  risks  of  failure  could  not  be  encouraged.  For,  to  adopt 
an  illustration  of  Chamberlin's*  if  we  conceive  of  any  given 
stratum  to  be  crossed  by  two  sets  of  vertical  fissures,  or 
channels,  each  six  inches  wide  and  only  twenty  feet  distant 
from  the  next  of  the  same  set,  the  space  of  such  a  stratum 
covered  by  the  fissures  is  but  one-twentieth  of  the  whole 
area,  and  the  chances  of  success  of  any  bore  of  ordinary 
dimension  tapping  a  fissure  is  but  one  in  twenty.  With 
oblique  fissures,  and  in  case  a  formation  includes  different 
strata  affected  by  different  fissures,  the  chances  of  success 
are  increased.  But  the  fact  that  the  drill  in  Iowa  never  fails 
to  strike  artesian  water,  when  the  other  conditions  are 
present,  corroborates  the  other  evidence  offered  that  the 
main  supply  of  the  state  does  not  flow  in  the  fissures  of  lime- 
stone rocks,  but  percolates  through  the  interstices  of  sheets 
of  sandstone. 

The  chief  aquifers  of  the  Iowa  field  are,  then,  the  sacchar- 
oidal  sandstones  of  the  Ordovician  and  Cambrian.  In 
descending  order  these  are: 

4.  The  Saint  Peter. 

3.  The  New  Richmond. 

2.  The  Jordan. 

1.  The  Basal  Sandstone. 

To  this  list  may  be  added  the  Upper  and  Lower  Oneota 
limestones,  although  they  probably  derive  their  water  locally 
for  the  most  part  from  inferior  sandstones. 

Above  the  Saint  Peter,  from  the  Trenton  to  the  drift  inclu- 
sive, there  is  not  a  single  formation,  except  the  Maquoketa 
and  Kinderhook  shales,  which  does  not,  under  local  conditions, 
yield  artesian  water.  The  sandstones  of  the  Silurian  yield 
copiously  in  southeastern  Iowa,  and  may  be  said  to  constitute 
a  distinct  artesian  field  of  their  own.  A  number  of  small  flow- 
ing wells  are  supplied  from  sandstones  of  the  Carboniferous. 

*Reqaislte  and  QaallfylnR  Oondltlons  of  Artesian  Wells.  Fifth  Ann.  Bept.  U.  S.  Geol. 
Surv.,  p  136. 
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southeastern  Iowa  it  attenuates  over  the  dome  of  the  Lower 
Ordovieian  strata  and  is  only  140  feet  thick. 

MAQUOKPTA   SHALE. 

This  is  a  heavy  bed  of  bluish  or  greenish  shale,  usually 
somewhat  calcareo-magnesian,  outcropping  in  a  narrow  belt 
in  northeastern  Iowa  from  Clinton  to  the  Minnesota  line.  Its 
greatest  estimated  thickness  of  outcrop  has  been  100  feet.* 
But  in  this  investigation  it  has  been  found  to  underlie  the 
larger  portion  of  state,  and  to  reach  an  unsuspected  maxi- 
mum thickness  of  about  275  feet  in  east  central  Iowa  in  the 
valley  of  the  Cedar.  It  is  often  parted  by  a  bed  of  dolomitic 
limestone,  and  it  is  not  impossible  that,  were  fossils  obtaina- 
ble, the  lower  shale  would  be  found  to  belong  to  the  Galena, 
which  in  part  passes  into  shale  in  Minnesota. 

SILURIAN. 

The  Maquoketa  is  the  highest  member  of  the  Ordovieian, 
or  Lower  Silurian.  The  Upper  Silurian,  or  the  Silurian  as  it 
is  better  termed,  comprises  in  eastern  Iowa  several  divisions 
which  are  all  included,  so  far  as  our  present  knowledge  goes, 
in  the  Niagara.  These  divisions  do  not  concern  us  in  this 
investigation,  since  they  can  not  be  discriminated  in  the 
powdered  rock  of  well  drillings.  Passing  westward  and 
southward  from  the  outcrop,  the  dolomites  of  the  Silurian  are 
affected  with  lithological  changes  which  indicate  the  presence 
of  other  formations  than  the  Niagara.  At  Marshalltown  the 
Silurian  contains  gypsum,  and  at  Des  Moines,  Pella,  Oska- 
loosa  and  Glenwood,  gypsum  and  gypseous  marls  are  so 
pronounced  a  feature  that  the  Onondaga  salt  group  may  be 
held  to  be  present  with  a  fair  degree  of  probability.  Again, 
to  the  south  the  Silurian  becomes  arenaceous,  as  was  first 
noted  by  Calvin  in  the  deep  well  at  Washington.  These  Sil- 
urian sandstones  extend  widely  over  southeastern  Iowa,  and 
would  naturally  fall  in  with  the  Oriskany.  The  greatest  cer- 
tain measurements  of  the  Silurian  are  obtained  at  Davenport, 

*Keyee,  Iowa  Qeol,  Surv.,  vol.  I,  Plate  11. 
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The  entire  Ordovicio-Cambrian  artesian  system  is  included 
between  the  quartzites  and  gneisses  of  the  Algoukian,  which 
make  an  excellent  bottom,  and  the  heavy  shales  of  the 
Maquoketa,  which  effectually  prevent  upward  leakage. 
Within  this  complex  of  strata  all  the  pervious  layers  are 
water-logged,  except  over  a  small  area  where  they  are 
ti'enched  by  rivers.  All  the  deeper  waters  are  under  such 
pressure  that  they  constantly  seek  escape  upward.  The 
water  of  any  stratum  thus  prevents  the  downward  leakage  of 
-  the  water  in  the  stratum  above  it,  and  so  far  takes  the  place 
of  a  lower  containing  bed.  The  impervious  layers  confine  the 
watei's  beneath  rather  than  those  which  are  above  them. 

The  Trenton  shales  confine  the  water  of  the  Saint  Peter, 
and  where  they  are  insufficient  artesian  water  may  be 
expected  in  the  crevices  of  the  Galena-Trenton.  The  shales  of 
the  Upper  Oneota  confine  the  water  of  the  New  Richmond,  and 
separate  from  the  Saint  Peter  the  waters  of  the  Jordan  where 
it  has  escaped  into  the  Oneota.  The  Saint  Lawrence  seals 
the  Basal  sandstone,  and  this  immense  assemblage  of  strata 
contains  different  layers,  sometimes  of  great  thickness  and  of 
so  fine  a  texture  that  the  drill  finds  them  dry,  which  sheathe 
the  porous  water-bearing  sandstones  with  which  they  are 
interbedded.  In  the  Silurian  artesian  field  of  southeastern 
Iowa    the    Maquoketa    acts    as  the  upper  containing  bed. 

Strange  as  it  may  appear,  a  couche  of  water  may  take  the 
place  in  part  of  the  upper  containing  stratum.  This  was  first 
pointed  out  by  Chamberlin,*  who  showed  the  artesian  func- 
tions of  the  common  ground  water  in  the  region,  called  by 
him  the  cover  area,  which  intervenes  between  the  intake 
area  and  the  region  of  the  wells.  ''If  the  subterranean 
water  in  this  region,"  says  Chamberlin,  ''stands  as  high  as 
the  fountain  head  (except  at  the  well,  where  of  course  it  must 
be  lower)  there  will  be  no  leakage,  not  even  if  the  strata  be 
somewhat  permeable,  for  the  water  in  the  confining  beds 
presses  down  as  much  as  the  fountain  head  causes  that  of  the 

*Flfth  Ann.  Rep.,  U.  8.  G€ol.  Bury.,  pp.  180-141. 
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porous  bed  to  press  up,  since  both  have  the  same  height. 
*  *  *  *  If  the  water  between  the  well  and  the 
fountain  head  is  actually  higher  than  the  latter,  it  will 
tend  to  penetrate  the  water-bearing  stratum  so  far  as  the 
overlying  beds  pennit,  and  will,  to  that  extent,  increase 
the  supply  of  water  seeking  passage  through  the  porous 
beds,  and  will  by  reaction  tend  to  elevate  the  fountain 
head,  if  the  situation  permit." 

The  control  exercised  by  the  height  of  the  cover  area  and 
its  ground  water  is  illustrated  in  the  map  of  isopiestic  lines 
on  plate  VIII.  The  lines  of  equal  artesian  pressure  show  a 
surprising  difference  between  the  artesian  head  in  the  eastern, 
and  in  the  central  and  northern  portion  of  the  state.  The 
hydraulic  gradient  rises  from  Clinton  to  Boone,  310  feet  in 
liK)  miles.  This  higher  head  of  the  northwestern  half  of  the 
state  is  due  in  part  to  the  fact,  made  evident  by  the  trend  of 
the  isopiestic  lines,  that  the  supply  in  this  region  is  derived 
from  the  nearer  and  higher  Minnesota  reservoir,  rather  than 
from  that  in  Wisconsin.  This  cause  acting  alone  would  pro- 
duce an  hydraulic  gradient  with  southward  inclination.  The 
higher  ground  of  western  Iowa,  on  the  other  hand,  would  by 
the  control  of  its  ground  water  produce  a  gradient  inclined 
toward  the  east.  The  two  causes  are  composed  with  the 
result  of  a  southeast  gradient  and  isopiestic  lines  with  noi*th- 
east-southwest  trend. 

It  must  be  remembered  that  on  the  map  refeired  to  the 
artesian  pressures  platted  are  not  all  from  the  same  aquifera. 
In  some  instances  waters  derived  from  the  higher  strata  of 
the  well  section  have  access  to  the  tube.  These  waters  may 
head  considerably  higher  than  those  of  the  Cambro-Ordo- 
vician  aquifers  and  will  stand  upon  them  and  though  limited 
in  quantity  may  suffice  for  ordinary  consumption. 

FOl'NTAIN   HP:AD. 

In  order  that  water  may  rise  in  artesians  under  hydi*ostatic 
pressure  the  elevation  of  the  reservoir  must  exceed  that  of 


^ 


.■ 


■iV 


.ll 


'.f 


FOUNTAIN    HEAD.  173 

porous  bed  to  press  up,  since  both  have  the  same  height. 
*  *  *  *  If  the  water  between  the  well  and  the 
fountain  head  is  actually  higher  than  the  latter,  it  will 
tend  to  penetrate  the  water-bearing  stratum  so  far  as  the 
overlying  beds  pennit,  and  will,  to  that  extent,  increase 
the  supply  of  water  seeking  passage  through  the  porous 
beds,  and  will  by  reaction  tend  to  elevate  the  fountain 
head,  if  the  situation  permit.'' 

The  control  exercised  by  the  height  of  the  cover  area  and 
its  ground  water  is  illustrated  in  the  map  of  isopiestic  lines 
on  plate  \''III.  The  lines  of  equal  artesian  pressure  show  a 
surprising  difference  between  the  artesian  head  in  the  eastern, 
and  in  the  central  and  northern  portion  of  the  state.  The 
hydraulic  gradient  rises  from  Clinton  to  Boone,  310  feet  in 
190  miles.  This  higher  head  of  the  northwestern  half  of  the 
state  is  due  in  part  to  the  fact,  made  evident  by  the  trend  of 
the  isopiestic  lines,  that  the  supply  in  this  region  is  derived 
from  the  nearer  and  higher  Minnesota  reservoir,  rather  than 
from  that  in  Wisconsin.  This  cause  acting  alone  would  pro- 
duce an  hydraulic  gradient  with  southward  inclination.  The 
higher  ground  of  western  Iowa,  on  the  other  hand,  would  by 
the  control  of  its  ground  water  produce  a  gradient  inclined 
toward  the  east.  The  two  causes  are  composed  with  the 
result  of  a  southeast  gradient  and  isopiestic  lines  with  north- 
east-southwest trend. 

It  must  be  remembered  that  on  the  map  referred  to  the 
artesian  pressures  platted  are  not  all  from  the  same  aquifei's. 
In  some  instances  waters  derived  from  the  higher  strata  of 
the  well  section  have  access  to  the  tube.  These  waters  may 
head  considerably  higher  than  those  of  the  Cambro-Ordo- 
vician  aquifei>i  and  will  stand  upon  them  and  though  limited 
in  quantity  may  suffice  for  ordinary  consumption. 

FOUNTAIN   HKAD. 

In  order  that  water  maj'  rise  in  artesians  under  hydrostatic 
pressure  the  elevation  of  the  I'eservoir  must  exceed  that  of 
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the  region  of  the  wells,  and  in  sufficient  measure  to  counter- 
balance the  friction  encountered  en  route.  The  higher  the 
reservoir  the  stronger  is  the  hydrostatic  pressure  and  the 
heavier  the  flow.  The  gentle  inclination  of  the  terranes  of 
the  Upper  Mississippi  valley  involves,  along  with  its  many 
advantages,  the  accompanying  disadvantages  of  a  compara- 
tively low  reservoir  and  moderate  hydrostatic  pressure.  Such 
fountains  as  are  found  in  the  Dakota  basin,  whose  energy 
flings  their  waters  hundreds  of  feet  in  air  and  can  be  utilized 
in  large  manufacturing  enterprises,  need  not  be  expected  in 
Iowa.  The  Dakota  reservoir  lies  3,300  feet  above  the  sea 
level,  while  that  of  Iowa  does  not  exceed  1,200  feet  at  the 
most,  the  maximum  height  of  the  summit  of  the  Cambrian 
sandstones  where  they  meet  the  crystalline  rocks  in  central 
Wisconsin,  and  of  the  Saint  Peter  in  the  two  southern  tiers 
of  counties  in  eastern  Minnesota.  In  southern  Wisconsin  the 
Saint  Peter  rarely  rises  above  the  1,000  feet  contour,  and  the 
artesian  head  must  be  considerably  lower  than  this  for  the 
entire  region. 

In  artesian  basins  situated  near  the  sea  and  those  whose 
aquifers  are  cut  across  and  drained  by  rivers,  terminal  escape 
must  always  be  taken  into  account.  In  Iowa  neither  of  these 
features  require  consideration.  The  distance  of  the  Upper 
Mississippi  field  from  the  sea  is  well  known.  Only  in  three 
northeastern  counties  are  the  chief  aquifers  of  the  state  cut 
by  rivers.  Even  here  friction  is  so  effective  in  preventing  the 
draining  out  of  the  strata  that  wells  have  been  sunk  with  a 
degree  of  success,  as  at  Postville.  At  this  station  Saint  Peter 
water  rises  135  feet  in  the  shaft,  although  the  formation  out- 
crops six  miles  away  in  the  valley  of  the  Yellow  river.  This 
region,  however,  properly  belongs  to  the  intake  area. 

RECORDS   OF   THE   WELLS. 

The  deep  wells  of  Iowa  are  conveniently  grouped  together 
in  seven  divisions,  five  of  which  comprise  wells  ranged  on  or 
adjacent  to  east-west  cross-sections  taken  along  leading  lines 
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of  railway,  the  remaining  two  embi*acing  the  wells  of  south- 
western Iowa  and  the  extreme  southeastern  portion  of  the 
state. 

There  will  be  found  preceding  the  description  of  the  wells 
of  each  division  a  summary  of  the  geological  and  artesian  con- 
ditions of  the  region.  These  are  also  graphically  presented 
in  a  series  of  plates,  which  exhibit  our  present  knowledge  of 
the  deeper  strata,  and  which,  it  is  hoped,  will  be  found  espe- 
cially helpful,  since  the  aquifers  of  each  region  are  plainly 
indicated,  and  the  depth  at  which  they  may  be  reached  by  the 
drill  at  any  point  on  the  travei^se  can  be  easily  calculated  by 
using  the  vertical  scale  on  which  the  sections  are  drawn. 

It  goes  without  saying  that  in  these  sections  much  is  hypo- 
thetical, much  is  only  probable,  and  the  accuracy  of  the  engi- 
neer should  not  be  looked  for  since  it  will  not  be  found.  For 
no  geological  formation  is  everywhere  of  the  same  thickness. 
The  assigned  thickness  is  an  approximation  only,  except  in  the 
immediate  vicinity  of  outcrops  or  of  well  sections  based  on 
reliable  data.  When  these  wells  are  far  apart,  the  bounda- 
ries of  the  formations  are  drawn  about  parallel  and  straight 
from  one  well  section  to  the  other,  leaving  the  intelligence  of 
the  reader  to  supply  the  qualification  necessary  that  in  the 
interv^ening  region  any  stratum  may  thin  or  thicken,  or 
deformations,  folds,  and  troughs  may  occur  which  find  no 
superficial  expression,  and  are  therefore  unsuspected,  but 
which  place  the  aquifers  nearer  or  fai^ther  away  from  the  sur- 
face than  here  represented.  The  uncertainty  attaching  to 
drillers'  records  and  the  difficulties  always  present  in  their 
interpretation  have  been  discussed  in  a  previous  paper.* 
Fortunately  we  have  in  hand  several  well  sections  of  which 
complete  sets  of  lithological  samples  of  the  strata  penetrated 
were  saved,  and  these,  though  comparatively  few  in  number, 
render  fairly  intelligible  many  other  records  less  authentic. 

The  geological  sections  are  offered,  then,  not  as  demonstra- 
tions, but  as  approximations,  correlating  and  interpreting  the 

*Thlcknessof  the  Paleozoic  Strata  of  Nort  beast  cm  Iowa.  Iowa  Geol.  Surv.,  vol.  III.  pp. 
107-174. 
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data  at  hand  according  to  our  best  judgment.  They  are  sub- 
mitted in  confidence  that  they  will  prove  of  practical  use  to 
the  citizens  of  Iowa  towns  in  showing  the  conditions  present 
of  success  or  failure  in  artesian  mining. 

The  groups  in  which  the  deep  wells  of  the  state  are  placed 
are  the  following: 

I.     THE  M'GREGOR-FAIRVIEW  SECTION. 

6.  Mason  City.  11.  Hull 

7.  Britt.  12.  Lansing. 

8.  Algona.  13.  Cresco. 

9.  Emmetsburg.  14.  Harpers  Ferry. 
10.  Sanborn.  15.  Waukon. 


1. 

McGregor. 

2. 

Monona. 

3. 

PostviUe. 

4. 

Calmar. 

5. 

New  Hampton. 

16. 

Dubuque. 

17. 

Manchester. 

18. 

Ackley. 

25. 

Clinton. 

26. 

Cedar  Rapids. 

27. 

Marshall. 

28. 

Nevada. 

29. 

Ames. 

n      THE  DUBUQUE -SIOUX  CITY  SECTION. 

19.  Webster  City.  22.    West  Bend, 

20.  Holstein. 

21.  Sioux  City. 


23.  Cherokee. 

24.  LeMars. 


III.      THE  CLINTON-DUNLAP  SECTION. 

30.  Boone.  34  Sabula. 

31.  Ogden.  35.  Tipton. 

32.  Jefferson.  36.  Anamosa. 

33.  Dun  lap.  37.  Monticello. 

38      Vinton. 


IV.     THE  DAVENPORT-DES  MOINES  SECTION. 

39.    Davenport.  43.    Amana.  46.    Colfax. 


40.  Wilton. 

41.  West  Liberty. 

42.  Homestead 


54. 
55 


44     Grinnell. 
45.     Newton. 


47.  Des  Moines 

48.  lledfield 

49.  Saylorville. 


V.     THE  WASHINQTON-DES  MOINES  SECTION. 

50.  Washington.  52.    Oskaloosa 

51.  Sigourney. 


53.    Pella. 


VI. 


THE  WELLS  OF  SOUTHEASTERN  IOWA. 

Ottumwa.  56.    Mount  Pleasant.  59.    Keokuk. 

Farmington  and  57     Fort  Madison.  60.    Centerville. 

Keosauqua.  58.     Mount  Clara. 


61.  Atlantic. 

62.  Osceola. 


VII.     THE  WELLS  OF  SOUTHWESTERN   IOWA. 

63.     Clarinda  64.    Council  Bluffs. 

65.    Glenwood. 
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I.      THE   M'GREGOR-PAIRVIEW  SECTION. 

This  section  shows  a  very  jfentle  syncline,  whose  axis  lies 
a  little  to  the  east  of  the  Des  Moines  river.  From  this  axis 
the  formations  rise  to  the  east  with  a  gradient  of  about  five 
feet  to  the  mile,  until  one  after  another  they  emerge  as  the 
country  rock.  The  lower  terranes  of  this  assemblage  find  their 
outcrop  beyond  the  limits  of  the  state,  in  southern  Wisconsin, 
where  they  are  outspread  about  ancient  islands  of  Algonkian 
quartzite.  To  the  west  they  rise  with  a  grade  less  gentle.  A 
little  to  the  north  of  the  western  end  of  the  profile,  they  are 
known  to  rest  on  the  descending  surface  of  an  oldland  of 
Algonkian  rock,  which,  in  southwestern  Minnesota,  south- 
eastern South  Dakota,  and  the  extreme  northwestern  part  of 
Iowa  rose  above  the  Paleozoic  sea  during  the  whole  of  its  long 
historJ^  These  Algonkian  areas  in  Wisconsin  and  Iowa 
formed  two  forelands,  or  outliers,  of  an  ancient  northern  con- 
tinent, and  guarded  on  either  side  a  wide  embayment  of  the 
Paleozoic  ocean.  The  section,  therefore,  crosses  just  in  front 
of  this  re-entrant.  The  terranes  it  portrays  were  laid  down 
as  sediments  upon  the  Algonkian  floor  of  the  sea.  Like  all 
such  sedimentary  deposits  which  retain  tlieir  original  attitude, 
they  rise  more  steeply  as  they  approach  the  ancient  shores. 
Their  slant  is  represented  as  greater  on  the  west  in  the  sec- 
tion than  on  the  east  because  the  western  oldland  is  nearer 
than  is  the  eastern. 

During  the  long  succession  of  the  Paleozoic  ages  the  conti- 
nent to  the  north  and  northeast  gradually  rose.  The  Paleo- 
zoic ocean  retreated  southward  and  south  west  ward  on  the 
east.  At  the  end  of  the  ('ambrian,  the  shore  still  lay  outside 
of  Iowa.  At  the  end  of  the  Silurian,  it  ran  from  northwest  to 
southeast  from  where  Cresco  now  is  to  Davenport.  At  the 
end  of  the  Devonian,  another  belt  had  been  added  to  tlie  coast, 
and  the  shore  stretclied  a  score  of  miles  west  of  the  present 
Cedar  river. 

There  is  little  reason  to  doubt  that  the  Isle  of  Sioux,  the 
oldland  of  northwest  Iowa,  rose  during  Paleozoic  times  with 
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the  main  land  to  the  north  and  east,  and  early  in  that  era  was 
joined  to  it  as  a  peninsula.  This  is  proven,  if  on  the  western 
side  of  the  embayment  as  well  as  on  the  eastern,  the  forma- 
tions are  found  to  outcrop  in  successive  belts  of  which  that 
nearest  shore  is  the  oldest.  As  far  as  evidence  is  at  hand, 
such  seems  to  be  the  case.  The  section  of  the  Minnesota 
river  from  New  Ulm  eastward  to  Mankato  shows  that  the 
ancient  gneisses  and  quartzites  of  the  Isle  of  Sioux  pass 
beneath  the  sandstones  of  the  Saint  Croix.  The  Saint  Law- 
rence is  succeeded  by  the  Jordan  and  further  to  the  east  out- 
crops the  Oneota.  In  northwestern  Iowa  the  disposition  of  the 
Paleozoic  strata  is  concealed  by  a  thick  mantle  of  later  sedi- 
mentary and  glacial  deposits.  The  evidence  from  artesian 
wells  is  scanty.  No  drillings  of  the  Paleozoic  series  have 
been  saved  from  any  of  the  wells  west  of  Emmetsburg  except 
at  Sioux  City.  Yet  such  facts  as  are  at  hand  favor  the 
hypothesis  that  over  the  entire  embayment  from  Baraboo, 
Wis.,  on  the  east  to  near  Duluth  on  the  north,  and  to  Rock 
Rapids  at  the  west,  the  outcropping  strata  of  the  Paleozoic 
preceding  the  Carboniferous  lie  in  concentric  belts,  of  which 
the  youngest  is  central  and  the  oldest  peripheral.  This  is  the 
assumption  upon  which  the  section  is  drawn.  At  the  time  of 
the  Coal  Measures  there  occurred  a  subsidence  and  a  conse- 
quent transgression  of  the  sea  from  the  south  and  west,  so 
that  Coal  Measure  sandstones  and  shales  were  w^idely  laid 
down  in  eastern  Iowa  over  Mississippian,  Devonian  and  Upper 
Silurian  alike,  so  far  north  as  Delaware  county.  We  may, 
therefore,  assume  that  the  Coal  Measures  overlap  the  inferior 
terranes  in  northwestern  Iowa  also,  though  there  is  no  evi- 
dence that  they  reach  as  far  north  as  the  line  of  the  McGregor- 
Fairview  section. 

Another  and  greater  subsidence  occurred  toward  the  close  of 
the  Mesozoic,  the  Middle  Age  of  geological  history.  The  Creta- 
ceous Mediterranean  sea  which  covered  the  great  plains  of 
the  west,  invaded  northern  Iowa  as  far  east,  at  least,  as  the 
Des  Moines    valley,   and    laid  down  its  marls,  shales  and 
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the  main  land  to  the  north  and  east,  and  early  in  that  era  was 
joined  to  it  as  a  peninsula.  This  is  proven,  if  on  the  western 
side  of  the  embayment  as  well  as  on  the  eastern,  the  forma- 
tions are  found  to  outcrop  in  successive  belts  of  which  that 
nearest  shore  is  the  oldest.  As  far  as  evidence  is  at  hand, 
such  seems  to  be  the  case.  The  section  of  the  Minnesota 
river  from  New  Ulm  eastward  to  Mankato  shows  that  the 
ancient  gneisses  and  quartzites  of  the  Isle  of  Sioux  pass 
beneath  the  sandstones  of  the  Saint  Croix.  The  Saint  Law- 
rence is  succeeded  by  the  Jordan  and  further  to  the  east  out- 
crops the  Oneota.  In  northwestern  Iowa  the  disposition  of  the 
Paleozoic  strata  is  concealed  by  a  thick  mantle  of  later  sedi- 
mentary and  glacial  deposits.  The  evidence  from  artesian 
wells  is  scanty.  No  drillings  of  the  Paleozoic  series  have 
been  saved  from  any  of  the  wells  west  of  Emmetsburg  except 
at  Sioux  City.  Yet  such  facts  as  are  at  hand  favor  the 
hypothesis  that  over  the  entire  embayment  from  Baraboo, 
Wis.,  on  the  east  to  near  Duluth  on  the  north,  and  to  Rock 
Rapids  at  the  west,  the  outcropping  strata  of  the  Paleozoic 
preceding  the  Carboniferous  lie  in  concentric  belts,  of  which 
the  youngest  is  central  and  the  oldest  peripheral.  This  is  the 
assumption  upon  which  the  section  is  drawn.  At  the  time  of 
the  Coal  Measures  there  occurred  a  subsidence  and  a  conse- 
quent transgression  of  the  sea  from  the  south  and  west,  so 
that  Coal  Measure  sandstones  and  shales  were  widely  laid 
down  in  eastern  Iowa  over  Mississippian,  Devonian  and  Upper 
Silurian  alike,  so  far  north  as  Delaware  county.  We  may, 
therefore,  assume  that  the  Coal  Measures  overlap  the  inferior 
terranes  in  northwestern  Iowa  also,  though  there  is  no  evi- 
dence that  they  reach  as  far  north  as  the  line  of  the  McGregor- 
Fairview  section. 

Another  and  greater  subsidence  occurred  toward  the  close  of 
the  Mesozoic,  the  Middle  Age  of  geological  history.  The  Creta- 
ceous Mediterranean  sea  which  covered  the  great  plains  of 
the  west,  invaded  northern  Iowa  as  far  east,  at  least,  as  the 
Des  Moines    valley,   and    laid  down  its  marls,  shales  and 
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sandstones  unconformably  upon  the  older  formations,  from 
Fairview  nearly  to  Algona. 

THE   ALGONKIAN. 

Fourteen  miles  to  the  north  of  the  section  the  outcrop  of 
the  Sioux  quartzite  runs  parallel  with  it  as  far  east  as  Hull. 
The  depth  beneath  the  surface  to  which  the  quartzite  has  dipped 
in  this  direction  is  unknown.  At  Sioux  City  the  Algon- 
kian  occurs  at  136  feet  below  sea  level.  If  the  gradient 
is  regular  from  Granite  to  Sioux  City  the  Algonkian  should  be 
reached  at  Fairview  at  a  little  less  than  1,000  feet  A.  T.  In 
the  section  it  is  drawn  at  something  over  800  A.  T.  on 
account  of  its  altitude  at  Hull,  and  because  of  the  syncline 
which  Bain  has  discovered  along  the  Sioux  river.*  In  the 
section  and  in  this  discussion  it  has  been  assumed  —some  choice 
being  necessary — that  the  age  of  the  Sioux  quartzites  is 
Algonkian.  Stratigraphically  they  could  easily  be  referred, 
as  N.  H.  Winchell  has  done,  to  the  basal  sandstone  of  the 
Saint  Croix,  termed  by  him  the  Potsdam.  At  Hull  an  attempt 
is  made  to  represent  graphically  the  lava  flows  described  by 
Beyer.*  The  location  of  the  duct  connecting  their  intercalary 
beds  is  quite  unknown,  and  the  only  facts  relating  to  their 
extent  are  that  they  do  not  reach  to  Sanborn,  twenty-four 
miles  to  the  east,  nor  to  Le  Mars,  twenty-seven  miles  to  the 
south.  The  sandstones  at  Hull  in  which  the  quartz  porphyry 
is  imbedded  are  assumed  to  be  of  the  same  age  as  the  Sioux 
quartzite.  Certainly  they  cannot  be  Carboniferous,  and  no 
body  of  sandstone  is  known  to  which  they  can  belong  of  later 
age  than  the  Ordovician.  Between  the  Algonkian  and  the 
Cambrian,  the  case  is  somewhat  evenly  balanced  with  the  fall 
of  the  scale  tending  toward  the  Algonkian.  No  volcanic 
intrusions  have  been  found  in  the  Paleozoic  strata  elsewhere 
in  the  state  or  adjacent  regions;  while  the  Sioux  quartzite  is 
cut  with  dykes  of  ancient  lava,  and  flows  of  the  same  volcanic 
rock  as  at    Hull   occur    in   the    Keweenawan  beds  of    the 


*Iowa  Geol.  Surv.,  vo\.  IK,  p.  103. 
*Iowa  Geol.  Sorv..  vol.  J.  p.  163. 
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Algonkian  of  Michigan.  The  sandstones  have  no  physical  or 
lithological  characteristics  which  determine  their  age.  At  800 
and  825  feet  they  consist  of  moderately  coarse  grains,  imper- 
fectly rounded,  mostly  of  clear  quartz,  but  with  many  of 
pink,  red,  yellow,  and  greenish  color.  At  1,228  feet  the  sand- 
stone is  white,  of  clear  quartz,  with  many  grains  well- 
rounded.  In  their  quartzose  character  these  sandstones  thus 
differ  from  the  Keweenawan  sandstone  of  the  Lake  Superior 
region ;  but  the  lithological  nature  of  the  grains  of  any  sand- 
stone is  under  geographic  control  rather  than  that  of  geolog- 
ical time.  Grains  of  colored  quartz  are  not  found  in  equal 
numbers  in  any  Paleozoic  sandstone  in  the  state  with  which 
the  author  is  acquainted.  Glauconite,  often  seen  in  the 
Saint  Croix,  is  absent. 

SAINT  CROIX. 

Jicual  Sand^fo?ie. — This  terrane  is  nearly  800  feet  thick  at 
Lansing,  where  its  full  depth  is  measured.  At  McGregor  it  is 
in  all  probability  of  still  greater  thickness,  although  its  base 
was  not  reached,  the  drill  stopping  744  feet  below  its  summit. 
In  each  locality  it  includes  a  superior  sandstone,  the  Dres- 
bach  sandstone.  Medial  shales,  the  Saint  Croix  shales  of  C. 
W.  Hall,  are  well  marked  at  Mc(Tregor,  but  not  so  distinctly 
at  Lansing.  The  inferior  sandstones  include  no  red  strata  at 
Lansing,  where  they  are  nearly  400  feet  thick,  although  at 
McGregor  forty-five  feet  of  red  sandstone  lie  within  fifteen 
feet  of  the  bottom  of  the  boring. 

The  basal  sandstone  is  reached  at  Mason  City  at  295  A.  T. 
At  Sanborn  the  445  feet  of  shales  and  sandstones  lying  below 
623  feet  A.  T.  probably  include  much  of  this  terrane,  but 
with  the  data  in  hand  no  boundaries  can  be  drawn  for  the 
formations  below  the  Saint  Peter. 

Sat7U  Zdfrrem'e  Dolomite  and  Sh<il€S. — This  group  of  dolo- 
mites underlain  by  shales  is  distinctly  marked  in  the  section. 
At  McGregor  it  is  represented  by  two  feet  of  arenaceous 
limestone  left  uneroded  at  the  bottom  of  the  preglacial  channel 
of  the  Mississippi,  and  113  feet  of  green  shale.     At  Calmar 
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sandstones  unconformably  upon  the  older  formations,  from 
Fairview  nearly  to  Algona. 

THE   ALGONKIAN. 

Fourteen  miles  to  the  north  of  the  section  the  outcrop  of 
the  Sioux  quartzite  runs  parallel  with  it  as  far  east  as  Hull. 
The  depth  beneath  the  surface  to  which  the  quartzite  has  dipped 
in  this  direction  is  unknown.  At  Sioux  City  the  Algon- 
kian  occurs  at  136  feet  below  sea  level.  If  the  gradient 
is  regular  from  Granite  to  Sioux  City  the  Algonkian  should  be 
reached  at  Fairview  at  a  little  less  than  1,000  feet  A.  T.  In 
the  section  it  is  drawn  at  something  over  800  A.  T.  on 
account  of  its  altitude  at  Hull,  and  because  of  the  syncline 
which  Bain  has  discovered  along  the  Sioux  river.*  In  the 
section  and  in  this  discussion  it  has  been  assumed  —some  choice 
being  necessary — that  the  age  of  the  Sioux  quartzites  is 
Algonkian.  Stratigraphically  they  could  easily  be  referred, 
as  N.  H.  Winchell  has  done,  to  the  basal  sandstone  of  the 
Saint  Croix,  termed  by  him  the  Potsdam.  At  Hull  an  attempt 
is  made  to  represent  graphically  the  lava  flows  described  by 
Beyer.*  The  location  of  the  duct  connecting  their  intercalary 
beds  is  quite  unknown,  and  the  only  facts  relating  to  their 
extent  are  that  they  do  not  reach  to  Sanborn,  twenty-four 
miles  to  the  east,  nor  to  Le  Mars,  twenty-seven  miles  to  the 
south.  The  sandstones  at  Hull  in  which  the  quartz  porphyry 
is  imbedded  are  assumed  to  be  of  the  same  age  as  the  Sioux 
quartzite.  Certainly  they  cannot  be  Carboniferous,  and  no 
body  of  sandstone  is  known  to  which  they  can  belong  of  later 
age  than  the  Ordovician.  Between  the  Algonkian  and  the 
Cambrian,  tlie  case  is  somewhat  evenly  balanced  with  the  fall 
of  the  scale  tending  toward  the  Algonkian.  No  volcanic 
intrusions  have  been  found  in  the  Paleozoic  strata  elsewhere 
in  the  state  or  adjacent  regions;  while  the  Sioux  quartzite  is 
cut  with  dykes  of  ancient  lava,  and  flows  of  the  same  volcanic 
rock  as  at    Hull    occur    in    the    Keweenawan  beds  of    the 


*Iowu  Geol.  Surv.,  vol.  Hi,  p.  103. 
•Iowa  Oeol.  Surv..  vol.  I,  p.  163. 


180  ARTESIAN   WELLS  OF  IOWA. 

Algonkian  of  Michigan.  The  sandstones  have  no  physical  or 
lithological  characteristics  which  determine  their  age.  At  800 
and  825  feet  they  consist  of  moderately  coarse  grains,  imper- 
fectly rounded,  mostly  of  clear  quartz,  but  with  many  of 
pink,  red,  yellow,  and  greenish  color.  At  1,228  feet  the  sand- 
stone is  white,  of  clear  quartz,  with  many  grains  well- 
rounded.  In  their  quartzose  character  these  sandstones  thus 
differ  from  the  Keweenawan  sandstone  of  the  Lake  Superior 
region;  but  the  lithological  nature  of  the  grains  of  any  sand- 
stone is  under  geographic  control  rather  than  that  of  geolog- 
ical time.  Grains  of  colored  quartz  are  not  found  in  equal 
numbers  in  any  Paleozoic  sandstone  in  the  state  with  which 
the  author  is  acquainted.  Glauconite,  often  seen  in  the 
Saint  Croix,  is  absent. 

SAINT  CROIX. 

Basal  Sandstone. — This  terrane  is  nearly  800  feet  thick  at 
Lansing,  where  its  full  depth  is  measured.  At  McGregor  it  is 
in  all  probability  of  still  greater  thickness,  although  its  base 
was  not  reached,  the  drill  stopping  744  feet  below  its  summit. 
In  each  locality  it  includes  a  superior  sandstone,  the  Dres- 
bach  sandstone.  Medial  shales,  the  Saint  Croix  shales  of  C. 
W.  Hall,  are  well  marked  at  McGregor,  but  not  so  distinctly 
at  Lansing.  The  inferior  sandstones  include  no  red  strata  at 
Lansing,  where  they  are  nearly  400  feet  thick,  although  at 
McGregor  forty-five  feet  of  red  sandstone  lie  within  fifteen 
feet  of  the  bottom  of  the  boring. 

The  basal  sandstone  is  reached  at  Mason  City  at  295  A.  T. 
At  Sanborn  the  445  feet  of  shales  and  sandstones  lying  below 
623  feet  A.  T.  probably  include  much  of  this  terrane,  but 
with  the  data  in  hand  no  boundaries  can  be  drawn  for  the 
formations  below  the  Saint  Peter. 

Sai7U  Zafrrem'e  Dolomite  and  Shales. — This  group  of  dolo- 
mites underlain  by  shales  is  distinctly  marked  in  the  section. 
At  McGregor  it  is  represented  by  two  feet  of  arenaceous 
limestone  left  uneroded  at  the  bottom  of  the  preglacial  channel 
of  the  Mississippi,  and  113  feet  of  green  shale.     At  Calmar 


SAINT   PETER   SANDSTONE.  181 

the  upper  dolomitic  bed  only  was  penetrated.  At  Mason 
City  both  dolomites  and  shale  are  clearly  demonstrated,  the 
first  116  feet  thick,  and  the  other  fifty-eight  feet.  Beyond 
Mason  City  nothing  is  known  of  their  thickness.  As  they  are 
found  outcropping  in  southwestern  Minnesota  within  a  few 
miles  of  the  Sioux  quartzite,  it  is  assumed  that  they  extend 
to  near  the  western  limit  of  the  section.  Very  possibly  much 
of  the  shales  and  sandstones  below  623  feet  A.  T.  at  Sanborn 
may  belong  to  this  group  and  the  Jordan  sandstone. 

Jordan  Sandstone. — The  course  of  this  formation  is  readily 
traced  from  McGregor  to  Mason  City.  In  this  distance  it  has 
sunk  780  feet  and  has  thinned  to  70  feet.  Beyond  Mason  City 
its  presence  and  altitude  are  hypothetical. 

ONEOTA   DOLOMITE. 

This  great  body  of  dolomitic  limestone  retains  its  thick- 
ness of  about  300  feet,  with  its  lithological  characteristics 
unchanged,  as  far  west  as  Mason  City.  Here  and  at  Calmar 
the  driller  has  recorded  the  presence  of  a  medial  laj^er  of 
mixed  lime  and  sandstone,  the  equivalent  of  the  New  Rich- 
mond, which  divides  the  formation  into  an  upper  and  lower 
member,  of  which  the  latter  is  the  thicker.  At  Emmetsburg 
the  upper  only  is  penetrated. 

SAINT   PETKli    SANDSTONE. 

There  can  be  but  little  doubt  that  the  section  correctly  rep- 
resents the  actual  position  of  this  formation  in  northern  Iowa. 
The  physical  characteristics  of  the  sandstone,  the  order  of 
its  succession,  its  association  with  the  dolomite  of  the  Oneota 
beneath  and  the  shales  of  the  Trenton  above,  and  the  agree- 
ment of  this  evidence  with  that  obtained  from  the  strati- 
graphy of  the  region,  assure  that  in  each  well  section  the 
sandstone  so  designated  is  really  the  Saint  Peter.  It  is 
heaviest  at  Emmetsburg,  where  its  thickness  of  1 10  feet  may 
be  compared  with  its  thickness  of  180  feet  at  Freeborn, 
Minn.,*  some  seventy  miles  to  the  northeast  along  the  strike 
of  the  strata. 


*  Wlnchell:    Bui.  No.  5,  Geo!.  Surv.  Mlnnesotu,  p.  18. 
17  G.  Rep 
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THE  GALENA-TRENTON   LIMESTONE. 

The  facts  brought  to  light  in  this  investigation  show  two 
most  interesting  changes  which  affect  this  formation  as  it 
passes  westward  from  its  outcrops  in  the  counties  bordering 
upon  the  Mississippi  river.  To  the  east  the  formation  is  com- 
posed chiefly  of  thinly  bedded,  non-magnesian,  or  slightly  mag- 
nesian  limestones.  At  Postville  no  dolomite  appears  except  in 
a  somewhat  doubtful  sample  from  immediately  beneath  inco- 
herent Pleistocene  deposits,  although  the  section  includes 
Galena-Trenton  limestone  and  shales  at  least  350  feet  thick. 
At  Calmar  where  the  Galena-Trenton  is  538  feet  thick,  the 
dolomitic  portion  is  not  over  seventy-five  feet  or  100  feet  in 
thickness,  if  the  base  of  the  Galena  limestone  is  placed  at 
either  of  the  upper  shales  of  the  section  on  page  177.  To  the 
south,  at  Manchester,  as  we  shall  see,  the  entire  bulk  of  the 
formation  escaped  dolomitiza^tion.  But  on  the  west  all  the 
samples  of  the  limestones  of  this  terrane  on  the  line  of  the 
Chicago,  Milwaukee  &  Saint  Paul  railway  are  dolomitic. 
Along  with  the  increasing  dolomitization  of  the  great  bulk  of 
the  formation,  its  basal  portion  becomes  more  and  more  argil- 
laceous, until  it  is  as  distictively  shale  as  is  the  Maquoketa, 
the  thickness  of  whose  outcrops  it  equals.  In  the  deep  well 
at  Freeborn,  Minn.,  where  the  shore  line  is  approached 
toward  the  northward,  the  basal  shale  of  the  Trenton,  proved 
to  be  siich  by  its  fossils,  measures  ninety  feet  in  thickness. 

MAQUOKETA   SHALE  AND  NIAGARA   LIMESTONE. 

According  to  McGee  the  Maquoketa  and  Niagara  both 
occur  upon  the  Calmar  plateau.  Recent  work  of  Calvin,  how- 
ever, has  made  it  probable  that  neither  formation  crosses  the 
Turkey  river  from  the  west  along  the  line  of  our  section. 
The  Niagara  is  best  drawn  comparatively  thin,  as  it  must  be 
near  its  northern  attenuated  edge.  Calvin  has  shown  in 
work  still  unpublished  that  in  this  region,  the  outcrops  of 
dolomite  hitherto  called  Niagara,  are  really  of  Devonian  age. 
The  Maquoketa  is  more  persistent  than  the  Niagara  since  it 


CRETACEOUS  STRATA.  183 

crosses  the  Minnesota  line  with  a  thickness  of  about  seventy 
feet,  while  the  Niagai^a  is  not  known  to  occur  in  the  state.* 
How  far  beyond  Mason  City  the  Maquoketa  continues  to  the 
west  is  quite  unknown.  Very  possibly  the  fifteen  feet  of 
shale  at  Emmetsburg  at  422  feet  from  the  surface  may  be  of 
this  formation;  but  as  no  records  or  samples  from  the  Algona 
and  Britt  wells  have  been  preserved,  it  is  impossible  to  trace 
it  beyond  Ldme  Creek. 

DEVONIAN   AND   MISSISSIPPI  AN. 

It  should  be  understood  that  beyond  their  wide  outcrops 
the  stratigraphy  assigned  to  these  formations  is  almost  wholly 
hypothetical.  Ldthologically  the  dolomite  at  Emmetsburg 
lying  immediately  beneath  the  red  marl  assigned  by  N.  H. 
Winchell  to  the  Jura  Trias  may  belong,  as  well,  to  the  Silur- 
ian or  Devonian,  as  to  the  Mississippian.  The  shale  at  422 
feet,  however,  recuina  at  West  Bend,  twelve  miles  east  and 
ten  miles  south  of  Emmetsburg,  in  the  same  succession  at  a 
slightly  higher  level.  As  it  is  thus  directed  toward  the  Lime 
Creek  shales  of  the  Devonian,  rather  than  toward  the  Maquo- 
keta, the  Paleozoic  rocks  above  it  are  assigned  to  the  Mis- 
sissippian. 

CRETACEOUS. 

The  basal  sands  of  the  Cretaceous  are  seen  to  be  wide 
spread  upon  an  ancient  peneplain  which  bevels  the  successive 
Paleozoic  terranes  at  an  altitude  of  from  900  to  1,000  feet 
above  sea  level.  These  Dakota  sands  stretch  as  far  east,  at 
least,  as  Lotts  Creek.  The  superior  members  of  the  series, 
the  Benton  and  Niobrara,  are  known  to  occur  on  the  Sioux 
river.  Their  great  force  at  Sanborn  is  on  the  authority  of 
the  driller's  record  only.  If  this  is  correctly  interpreted,  the 
Cretaceous  has  here  a  thickness  of  515  feet,  the  greatest 
measured  in  Iowa. 


*Hall  and  SardesoD.  Paleozoic  EH)rEnatlons  of  Soutbeastem  Minnosota,  Bu\  Gool.  Soc.,  Am., 
vol.  III.  p.  368. 
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Tl\^  Artesian  Supply  of  the  McOvegor- Fair  view  SerJion. 

To  the  east  of  the  central  trough  the  main  artesian  sup- 
ply lies  in  the  Saint  Croix  sandstones.  The  objective  point  in 
drilling  should  be  the  Jordan,  whose  depth  at  any  locality  can 
be  estimated  by  reference  to  Plate  No.  IX.  If  suflBcient  water 
is  not  obtained  by  the  time  that  the  Jordan  is  penetrated, 
drilling  should  continue  into  the  basal  sandstone.  The  New 
Richmond  sandstone  is  probably  too  discontinuous  and  thin 
to  carrj^  water.  The  crevices  of  the  Oneota  maj^  yield 
abundantly,  as  in  wells  farther  to  the  south,  but  to  this  we 
have  no  testimony.  The  Saint  Peter  carries  a  supply  usu- 
ally inadequate  for  civic  purposes,  and  in  Allamakee  and 
northern  Winneshiek  counties  it  is  so  dissected  by  erosion  that 
it  can  furnish  comparatively  little  water,  and  that  at  a  low 
head.  Supplies  small,  but  of  great  value  to  villages  of  few 
inhabitants  and  to  farmers,  may  be  found  within  the  Devo- 
nian and  Niagara  in  the  basin  formed  by  the  impervious  shales 
of  the  Maquoketa,  and  also  within  the  Trenton,  in  the  basin 
formed  by  its  basal  shales ;  but  here,  as  in  all  limestones,  there 
is  an  uncertainty  of  striking  the  vein  which  does  not  obtain 
in  the  case  of  porous  sandstones.  It  will  be  remembered  that 
the  formations  rise  to  the  north,  so  that  towns  north  of  the 
section  can  obtain  artesian  water  at  less  depth  and  with 
higher  head  than  their  longitude  on  the  section  would  indi- 
cate. It  will  be  suflBciently  exact  for  estimates,  if  a  dip  to 
the  south  of  from  seven  to  ten  feet  to  the  mile  is  allowed. 
About  seven  and  a  half  feet  is  the  dip  of  the  formations  in 
the  accompanying  section  from  Freeborn,  Minn.,  to  near 
Mason  City.  For  the  western  side  of  the  trough  there  is 
much  diflBculty  in  making  reliable  prognostices.  We  cannot 
escape  the  limitations  imposed  by  the  lack  of  such  informa- 
tion as  would  be  in  hand  if  sample  drillings  and  exact 
records  of  the  deep  wells  of  the  northwest  had  been  preserved. 
Few  exact  statistics  have  been  obtained  as  to  even  the  yield 
of  the  deep  wells  of  this  region.  The  yields  at  Emmetsburg 
and  at  Mason  City  are  distinctly  unfavorable  and  discouraging. 
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Very  possibly  the  porous  saecharoidal  sandstones  of  the 
Saint  Croix  are  largely  replaced  to  the  west  by  sandstones  of 
finer  grain,  by  freestones  and  by  shales.  This  would  seem 
to  be  indicated  by  the  record  of  the  Sanborn  well.  The  Saint 
Peter  fortunately  seems  to  thicken  to  the  north  and  west,  and 
it  may  be  the  main  source  of  an  acceptable  supply.  The 
Dakota  sandstone,  and  Tertiary  sandstones,  where  they  may 
exist  beneath  the  drift,  should  furnish  large  supplies,  though 
of  poor  quality  and  low  head. 

Wells  of  tlie  McGregor-FairvUv)  Section. 

I.      M'GREGOR.t 


WELL.  NO.  1. 

WRLL  NO 

2. 

WELL  NO.  3. 

Owner. 

Town. 

Town. 

J.  Goedert. 

When  driUed. 

1876-1877. 

1890. 

1889. 

Depth. 

1,006  feet. 

520  feet. 

S94  feet. 

Diameter. 

6  in.  reduced  3  in. 

6  in  reduced  to  3  in, 

.  6  inches. 

Elevation  of  curb.* 

632  feet  A.  T. 

618  feet  A  T. 

622  feet  A.  T. 

Head  of  water. 

694  feet  A.  T. 

638  feet  A.  T. 

644  feet  A.  T. 

Plow  per  minute. 

20  barrels. 

Temperature. 

54°  Fahr. 

52°  Fahr. 

52°  Fahr. 

From  this  locality,  including  Prairie  du  Chien,  on  the  Wis- 
consin side  of  the  Mississippi  river,  there  are  reported  some 
twelve  artesian  wells;  and  it  is  gratifying  to  learn  that  notwith- 
standing the  great  volume  of  water  daily  poured  from  the  basin, 
well  No.  1,  one  of  the  pioneer  wells  of  the  state,  has  suffered 
no  perceptible  change  in  its  flow.  In  this  well  four-inch 
copper  casing  is  used  to  the  depth  of  forty  feet,  the  original 
six-inch  iron  casing  having  been  destroyed  within  two  years 
by  the  corrosion  of  the  saline  water.  No  packing  was  used 
and  it  is  thought  that  there  is  some  leakage  at  the  base  of  the 
casing.  Well  No.  2  was  also  recased,  reducing  the  diameter 
from  six  inches  to  three  inches,  as  the  original  casing  was 
poorly  done  and  the  water  leaked  out  through  the  joints.  The 
second  casing  extends  to  215  feet,  and  is  packed  at  the  base 
with  a  rubber  gasket.     In  each  of  the  wells  the  first  flow  was 

tReported  By  Mr.  O.  W.  Walker  and  Hon.  Horace  Beacb. 

*With  the  elevation  of  the  Ghicaf^o,  Milwaukee  &  Bt.  Paul  railinay  station  ;it  012  feet  A.  T. 
according  to  Gannet  as  datum. 
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Ninick  at  MIT)  feot  A.  T.,  and  from  this  to  the  base  all  sand- 
Mtono  \hm\h  wore  water-bearing.  At  a  little  over  520  feet 
from  Ui«^  KurfatH!)  brine  was  found  in  four  feet  of  white  sand- 
Mtono.  Tho  two  town  wells  supply  Aire  protection,  several 
public  dnnklng  plaoes  and  the  two  finest  fountains  in  the 
Ktaio.  Threo-iMjfhths  of  a  mile  of  pipe  are  laid  through  the 
buMlni^Hs  portion  of  the  town,  with  five  hydrants  and  a  number 
of  i)ubli(«  taps.  The  water  of  the  deeper  well  corrodes  iron 
HO  rapidly  as  to  bo  entirely  unfit  for  steam  pui'poses. 
Altliougli  somewhat  saline  it  is  palatable  to  most  persons. 
Tlu^  wator  of  well  No.  2  has  no  corrosive  effect  on  boilers,  but 
forms  a  slight  scale. 

Sovoral  chemical  analyses  have  been  made  of  the  waters 
i>f  the  McUregor  artosians.  The  following  by  Joseph  Henry 
of  the  Smithsonian  Institutiini,  is  given  as  published  in  the 
North  Iowa  Times,  Maivh  1;\  1887. 

**Thc  *f  ^*  *  ^  anah*sis  of  the  water  of  the  McGregor 
artt^ian  well  \o.  U  is  found  to  l>e  a  saline  water,  holding  in 
solution  in  tx>uud  Hgui»s  l.*U>  grains  of  solid  matter  to  the 
giUlou  us  follows: 

HiU^Mi,  l\^l4issiair.  Sulphuric  acid. 

\l^^l%  Si^dlum.  Ph<»phoric  acid 

AUim(i)4^«  \  .ilhiura.  Boracic  acid, 

l.twifc.  i^hU^ino.  OarboDic  tcid. 

5^^u\wlv  mon^  siilisfaotorv  is  the  analysis  of  the  same  well 
m^^to  bv  Uiuriohs.  Januarv.  1871K 

S^v^^it^o  jravivv  m  W- C lf»H 

1\>l%l  mia^nU  matlier«  inndn^  pi^r  i^rmUoii 1ST.   fr* 

\>iirK>iiai«^«4  Um^  ieTwlft»  per  ^km tli  |et. 

S^^li^n;  \'>arK>Mil«^  attd  mniStM^um  «ul|QiMe 1^4.6  ^. 

^'Tho  >K^tor  «lsi^  oonuuns^  verr  small  amount  of  lithiiim 
ohlon\U\  iht^  lithium  Hn^«  hoinjr  visible  Iwit  faint  when  the 
ix>^\hio  of  X  ho  wator  is  oxamiue\l  bv  means  of  the  speotro- 
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0/Ecial  Analyses, 


SiUca(8iO,) 

Alumina  (Al  jO,) { 

Ferric  oxide  (Pe,  O,)  .  \ 

Lime(CaO) 

Magiiesia(Mg  O) 

Potash  (K,  O) 

SodaCNa^O) 

Chlorine  (CI).. 

Sulphur  trioxide  (SO,) 

Carbon  dioxide  (C  O^) 

Water  in  combination  (H,  O) 

Free  (CO,) 

UNITED  AS  FOLLOWS. 

Calcium  carbonate  (Ca  CO,) 

Calcium  bicarbonate  (Ca  H,  (CO3)  ,).. 
Magnesium  bicarbonate (Mg  H,  (CO,),) 

Calcium  sulphate  (Ca  SO4)    

Magnesium  sulphate  (Mg  SO^) 

Sodium  sulphate  (Na,  SO^) 

Sodium  chloride  (Na  CI) 

Alumina  (Al,  O,)  and  Ferric  oxide  -.. 

Silica  (Si  O,) 

Oxygen  replaced  by  chlorine  (O)  

Solids  


NUMBER  1. 


K 


I 

r— !■ 

08 


.323 

.348 

13.200 
2.443 


55.083 
56.136 
22  504 
10.664 
1.069 
[9  305J 


Oh 


5  571 

6.000 

227.571 
42.286 


NUMBER  2. 


tUD 


00 


.2^  a 


17.930 

'  l'7'002' 

7.325 

13  539 

92  634 

.348 

.323 

12.677 

161778 


949.714 
967.857 
388.000 
183  857 
18.428 
[160.428] 


309.143 


293.143 

126.286 

233  428 

1597.143 

6000 

5  571 

218  570 

2789.284 


0.398 

0.124 

4.524 
2.834 

Trace 
3.695 
2.088 
2  618 

10.705 
1.732 

[4  360] 

5.245 
4.549 
9  868 


.332 
4  276 
3.455 
0.124 
0  398 

472 
28  72 


o  d 

MS    ""^ 


6.857 

2.143 

78.000 
48  857 
Trace 
63.714 
36.000 
45  143 

184.572 
29  857 

[75.000] 

90.429 

78.429 

170.143 


5.714 

73.714 

59  571 

2.143 

6.8-57 

8.143 

495  143 


Analyst:    Prof.  J.  B.  Weems,  Ames,  Iowa.    Date:    June  16,  1896. 


RECORD  OF  STRATA. 


The  following  record  of  a  well  at  Prairie  du  Chien*  will 
illustrate  the  geological  section  at  McGregor. 

TIIICKNB88.  DEPTH. 

16.    Sand  and  gravel 147  147 

15.    Clay,  fine,  light  blue J 

14.     Limestone,  hard  arenaceous 2  149 

13.     Grit,  blue 6  155 

12.    Shale,  bluish  green,  arenaceous 107  262 

11.     Sandstone,  white,  friable,  alternating  with 

hard  streaks 118  380 

10.     Grit,  blue 35  415 

9.     Slate  rock 65  480 

8.     Sandstone,  reddish  and  yellow  ochery 6  486 

7.     .Shaly  rock 24  510 


*  Geology  of  WIscodbId,  vol.  IV,  p.  ftl. 
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.  THIOKNB88.        DIVTH. 

6.    Sandstone,  white,  carrying  brine 4  514 

5.     Slaty  rock 75  589 

4.     Sandstone 310  899 

3.    Sandstone,  red 45  944 

2.  Conglomerate,    white    waterworn    quartz 

pebbles 6  949 

1.     Sandstone,  coarse 10  959 

The  curb  is  near  the  summit  of  the  Saint  Croix.  No.  16,  the 
alluvial  filling  of  the  preglaeial  valley  of  the  Mississippi, 
supplies  the  place  of  the  upper  sandstone  of  the  Saint  Croix, 
the  Jordan.  No.  14  is  the  remnant  left  after  erosion  of  the 
Saint  Lawrence  dolomite.  Nos.  12  and  13  are  the  Saint  Law- 
rence shales.  Preceding  numbers  represent  the  basal  sand- 
stone of  the  Saint  Croix.  Another  well  at  Prairie  du  Chien 
was  sunk  to  a  depth  of  1,040  feet  without  reaching  the  Algon- 
kian.* 

II.    MONONA. 

Owner,  Chicago,  Milwaukee  and  Saint  Paul  Railway  Ck). 

Elevation  of  curb 1,209  feet  A.  T. 

Depth - 420  feet. 

Head  of  water 969  feet  A.  T. 

ANALYSIS. 

GRAINS  IN  n.  8. 
WINK  GALLON. 

Calcium  carbonate 7  14 

Magnesium  carbonate 8.95 

Calcium  sulphate 10.41 

Alkaline  sulphates 0.63 

Alkaline  chlorides - 1.87 

Silica,  alumina  and  oxide  of  iron .    0.10 

Total 29.10 

Analyst  and  authority,  H.  E.  Smith,  Chemist  of  C.  M.  &  St.  P.  Ry.  Co.,  Aug- 
ust 31,  1894. 

III.    POSTVILLE. 

This  well  was  drilled  by  Dickson  Bros,  from  March  11, 
1895,  to  July  26th  of  the  same  year,  for  the  incorporated  town 
of  Postville. 

*  Private  letter  from  Hod.  Horace  Beach. 
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Depth 616  feet. 

Elevation  of  curb 1,191  A.  T. 

Head  of  water 8»1  A.  T. 

Diameter - - 8f  in 

Supply  of  water  per  minute 32  gal. 

Temperature 48°  Fahr. 

The  casing  was  sunk  to  102  feet.  Water  was  found  at  1 30 
feet  and  stood  at  this  level  until  the  drill  reached  the  depth 
of  435  feet,  the  top  of  the  sandstone  of  No.  8  of  the  following 
section.  Immediately  on  striking  the  vein  at  this  point  the 
water  in  the  well  dropped  to  300  feet  from  the  surface.  If 
the  supply  should  be  found  insuflficient,  the  well  can  be  sunk 
some  400  feet  further,  thus  penetrating  the  upper  sandstones 
of  the  Saint  Croix  with  their  abundant  yield  under  superior 
head,  and  tapping  also  the  veins  of  the  Oneota.  If  this  is 
done,  it  will  be  necessary  to  case  the  well  from  425  to  460 
feet  to  prevent  lateral  leakage  through  the  channel  which 
now  supplies  the  well. 

RECORD  OP  STRATA. 

THI0KNB88.         DKPTH. 

22.    Humus 2  2 

21.    Loess,  yellow 16  18 

20.     Loess,  ashen - 6  24 

19.  Clay,  yellow,  sandy  and  pebbly,  non-calcar- 
eous     4  28 

18.     Sand,  yellow,  sharp  and  rather  coarse 4  32 

17.  Clay,  dark  drab,  sandy  and  pebbly,  calcar- 
eous  40  72 

16.  Limestone,  some  bufT  and  magnesian,  some 
lighter  colored  and  of  rapid  eflfervesence; 
cherty 13  85 

15.     Shale,  green,  calcareous,  soft 12  97 

14.    Limestone,  blue,  earthy,  magnesian;  eleven 

samples 106  203 

13.     Shale,  soft,  grey,  calcareous 9  212 

12.  Limestone,  light  yellow  and  white,  hard  by 
driller's  record,  earthy-crystalline,  non- 
magneslan  as  judged  by  rapidity  of  efTer- 
vescence 138  350 

11.  Limestone  as  above,  a  little  softer;  five  sam- 
ples  35  385 
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TBrOKZIB88.         DIFTH. 

10.     Limestono,  greenish  grey,  argillaceous.     . .  10  395 

0.  Lhnestone,  light   yellow  grey,  crystallihe- 

eartby;  four  samples 4U         436i 

K.  Sandstone,  with  usual  aspect  of  Saint  Peter; 
grains  rounded  and  smoothed,  of.  limpid 
quartz,  mostly  unbroken;  with  much  lime- 
stone, yellow  and  grey,  rapidly  efferveE- 
ing,  in  angular  sand.  No  trace  of  imbed- 
ded grains  noticed  in  limestone  fragments  1 U         448 

7.    Sandstone  as  above,  with  less  of  limestone..    2  450 

6.  Limestone,  blue  grey,  argillaceous,  in  part 
macro-crystalline.  In  flaky  chips,  largely 
compacted  of  comminuted  fossils;  two 
samples 8  468 

5.    Limestone  and  shale,  grey,  earthy,  in  chips    5  463 

4.     Limestone,  light  blue  grey,  mottled,  in  flaky 

chips,  compact  crystalline-earthy  ... 7  470 

3.  Limestone,  yellow  grey,  mottled,  macro- 
crystalline-earthy, fossiliferous,  in  chips: 
four  samples 17  487 

2.     Limestone,  light  grey,  compact,  fine  grained; 

four  samples        15  502 

1.  Sandstone,  calciferous,  soluble  ingredients 

consist  of  about  one-half  by  weight  of  the 
drillings,  some  grains  of  sand  imbedded 
in  the  minute  angular  chips  of  limestone. 
Other  larger  fragments  show  limestone 
matrix  to  be  lar^e:  limestone  yellow  grey 
and  of  rapid  efTervescence.  Loose  in  the 
drillings  and  also  seen  embedded  ai*e 
many  black  opaque  grains,  ferruginous 
nodules  of  calcareous  clay;  and  grain-like 
nodules  of  pyrite;  three  samples 13  515 

From  the  starting  of  the  drill  samples  were  carefully  saved 
aeoording  to  the  author's  directions  at  such  short  intei'\'als 
that  the  geological  section  which  thej'  afford  is  as  i-eliable  as 
that  of  an  outcrop.  All  the  numbere  of  the  section  below  Xo. 
h\  excepting  the  sandstones  at  43(H  feet  and  502  feet,  are  in 
textuiv  and  chemical  composition  as  typically  Trenton  lime- 
stone and  shale  as  can  be  found  in  any  quaiTj'  of  that  stage. 
Both  of  the  sandstones  just  designated  are  regarded  by  Calvin 
as  Saint  Peter,  and  he  has  suggested  that  the  fifty-two  feet 
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intervening  between  them  represent  an  ancient  cavern  in  the 
Saint  Peter,  now  filled  with  shale  and  limestone  broken  down 
and  washed  in  from  the  overlying  Trenton,* 

IV.    CALMAR. 

This  well,  owned  by  the  Chicago,  Milwaukee  &  Saint  Paul 
Railway  Co. ,  was  drilled  by  W.  E.  Swan,  from  February  2, 
1880,  to  July  28th  of  the  same  year.  No  casing  was  put  in  as 
the  well  was  dug  to  rock. 

Elevation  of  curb 1,261  feet  A.  T. 

Depth 1,223  feet 

Diameter  of  boi*e 8  inches 

Height  of  water 1,161  feet  A.  T. 

The  following  record  is  the  driller's  log  in  feet. 

TIlICKirtBS.        DEPTH. 

15.  Dug  70  70 

14.  Limentone 76  146 

13.  Shale 10  156 

12.  Limestone 35  191 

11.  Shale,  gray 25  216 

10.  Limestone 305  521 

9.  Shale,  green  47  568 

8.  Limestone 30  598 

7.  Shale 10  603 

6.  Sand  rock 67  675 

5.  Lime  rock 98  773 

4.  Sand  and  limestone  mixed 47  820 

3.  Limestone 180  1,000 

2.  Sand  rock 120  1,120 

L    Limestone 103  1,223 

These  strata  are  assigned  to  the  following  formations. 

THIGKHEBS.  A,  T. 

15.  Pleistocene 70  1,191 

7-!4.    Galena-Trenton 538  653 

6.  Saint  Peter 67  686 

5.  UpperOneota 98  488 

4.  New  Richmond 47  441 

3.  Lower  Oneota 180  261 

2.     Saint  Croix,  Jordan 120  141 

1.    Saint  Croix,  Saint  Lawrence 103  3H 

•American  GeolOKlst,  toI.  XVII.  pp.  196-303.    18M. 
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ANALYSIS. 

ORAinS  FEB  U.  8. 
WINB  GALLON. 

Calcium  carbonate 9.05 

Mag^eBium  carbonate 4.90 

Calcium  sulphate 2.98 

Alkaline  chlorides 0.18 

Silica,  alumina,  and  oxide  of  iron 0.13 

Total. 17.24 

Analyst  and  authority,  H.  E.  Smith,  chemist  C,  M  &  St.  P.  Ry.  Date, 
September  24,  1888. 

V.    NEW   HAMPTON. 

Although  the  town  well  of  New  Hampton  can  hardly  be 
classed  as  an  artesian,  a  brief  description  is  here  given  as  it 
illustrates  the  conditions  of  the  water  supply  of  the  region. 

Depth : 236  feet 

Elevation  of  curb 1,154  A.  T. 

Diameter 10  inches 

Head,  from  surface 65  feet 

Temperature 47°  Fahr, 

Casing,  depth  to  which  sunk 125  feet 

DRILLERS'  RECORD. 

THICKNESS.         DEPTH. 

4.  Clay 25  25 

3.  Sand 8  33 

2.  Clay  and  shale 104  137 

1.  Lime  rock 98  235 

This  well  was  drilled  by  Mr.  S.  Swanson,  in  September,  1895. 
For  four  years  previous  the  town  had  used  surface  water 
from  an  open  well  twelve  feet  in  diameter.  As  the  supply 
(from  the  sand  of  No.  3)  was  insuflBcient,  and  as  there  was 
some  suspicion  that  it  had  become  contaminated,  the  present 
well  was  sunk,  obtaining  pure  water  in  abundance  in  crevices 
in  the  hard  and  solid  rock  of  No.  1. 

Mr.  T.  F.  Babcock,  to  whom  we  are  indebted  for  all  these 
facts  except  the  log  furnished  by  the  drillers,  writes  that  the 
casing  was  driven  through  sand  and  hardpan,  and  into  the 

solid  rock.     "Soft  lime  rock  was  struck  at  105  feet.     At  115 

■ 

feet  clay  and  rock  was  found  intermixed  for  a  few  feet;  from 
there  down  the   rock  was  hard  with  occasional  crevices." 
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The  hardpan,  or  till,  is  the  clay  of  No.  2  of  the  drillers' 
record,  and  its  thickness  is  unknown.  The  reservoir  is  Devo- 
nian, and  the  area  of  supply,  its  outcrops  west  of  the  Little 
Turkey  and  to  the  north. 

VI.      MASON  CITY.* 

TOWN  WELLS 

C,  M.  &  ST.  P.        TOWN  WELL  NO.  1.       NOS.  2,  3  AND  4 

Elevation  of  curb.  1,128  fA.  T.  1,077  A.  T.  1,077  A.  T. 

Head  of  water.  1,126  fA.  T.  1,078  A.  T.  1,078  A.  T 

Diameter.  8  and  6  inches.  8  inches.  4  inches. 

Depth.  1,473.  1,350.  651. 

Temperature.  49°  Fahr.  40°  Fahr. 

Of  the  five  artesian  wells  at  Mason  City,  the  first  was 
drilled  for  the  Chicago,  Milwaukee  &  St.  Paul  Railway  Co., 
about  1879,  by  Swan  Brothera.  The  well  is  not  used. 
The  capacity  was  not  sufficient  to  keep  a  small  steam  pump 
running,  and  the  water  was  found  less  suitable  for  locomo- 
tives than  that  supplied  by  the  town.  The  well  is  now  used 
as  a  cesspool,  and  the  water  is  supposed  to  stand  now  from 
thirty  to  seventy-five  feet  from  the  curb. 

The  water  works  built  by  the  town  pumped  their  supply  at 
firat  directly  from  springs  and  the  adjacent  creeks.  Consid- 
erable monej^ — says  one  of  our  correspondents — was  spent  in 
experimenting  witli  surface  water  supplies  and  the  process  of 
filtration  of  water  from  Lime  creek.  These  experiments  of 
filtration  were  doubtless  of  the  crudest,  and,  as  the  results 
were  unsatisfactory,  it  was  determined  to  seek  an  artesian 
suppl}'.  In  1892,  therefore,  drilling  was  begun  for  the  town 
bj'  Henry  P.  Miller,  of  Chicago.  At  651  feet — or  at  540  feet, 
according  to  other  reports — water  was  struck  which  rose  to 
the  surface.  As  the  supply  was  far  from  suflBcient,  drilling 
was  continued  to  1,350  feet,  where  a  crevice  was  reached  and 
the  flow  lost,  the  water  sinking  550  feet.  The  well  was 
plugged  at  051  feet,  and  three  other  wells  were  drilled  to  this 
depth.     As  these  wells  were  begun  in  rock,  no  casing  was 

*Drllllngi  from  the  railway  well  were  contributed  by  Division  Hupt.  O.  A.  Gosgreaves  and 
Dr.  Bhorland  Harris,  who  also  furnished  the  driller's  record.  We  are  also  indebted  toOiril 
Engineers  Messrs.  0.  T.  Dike  and  urin  Stanly. 

t  Approximately. 
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used.  They  occupy  corners  of  a  parallelogram  sixty  feet  long 
and  forty  feet  wide,  and  this  space,  excavated  to  the  depth  of 
sixteen  feet,  forms  the  reservoir  into  which  the  wells  dis- 
charge. The  combined  natural  flow  of  the  four  wells  is  sixty 
gallons  a  minute.  As  this  was  insuflBcient,  the  town  at  first 
pumped  a  portion  of  the  time  from  the  adjacent  creek,  thus 
mingling  raw  and  perhaps  contaminated  water  with  the  pure 
artesian  supply.  In  August,  1894,  the  Phole  air  lift  was 
introduced.  Pipes  were  sunk  200  feet  in  each  well,  and  the 
discharge  of  the  wells  was  increased  to  150  gallons  a  minute. 
It  is  reported  that  the  water  can  be  lowered  only  fifty  feet  by 
continuous  pumping,  and  at  present  the  air  lift  is  used  about 
two  and  one-half  hours  out  of  the  twenty-four.  The  supply 
comes  from  a  porous  rock  a  short  distance  above  the  basal 
shales  of  the  Trenton.  The  vein  is  said  to  be  forty  inches 
thick. 

ANALYSIS. 

QRAI1I8  IN  n.  8. 

WINE  QAJjJJOS. 

Calcium  carbonate  _.. ._  10.09 

Magnesium  carbonate 4.48 

Alkaline  carbonates 1.21 

Alkaline  sulphates.... .34 

Alkaline  chlorides 44 

Silica  alumina  and  oxide  of  iron 10 

Total        17.65 

Analyst  and  authority,  H.  E.  Smith.    Date,  April  6,  1891 

This  analysis  places  the  water  in  the  highest  rank  of  potable 
water  in  the  state.  Its  mineral  ingredients  are  not  large, 
and  they  are  above  suspicion  of  any  injurious  eflfects. 

RECORD  OF  STRATA. 

The  author's  description  of  the  drillings  from  the  deepest 
well  has  been  already  published.  *  The  following  summary 
of  the  formations  is  as  stated  in  the  manuscript  of  that  paper, 
with  elevations  above  tide  added. 

*Iowa  Geol.  Su.y  ,  vol.  IIT,  pp.  188-189. 
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THICKirKSS.  DBPTH.        TIOll  ▲.  T. 

12.  Humus  and  drift 28  28  1,100 

11.  Devonian  and  Silurian 276  304  824 

10.  Maquoketa 57  361  767 

9.  Galena-Trenton 405  766  362 

8.  Saint  Peter 106  871  267 

7.  Upper  Oneota 113  984  144 

6.  New  Richmond 60  1,034  04 

5.  LowerOneota. 146  1,179  -61 

4.  Saint  Croix  (Jordan) 70  1,249  -121 

3.  Saint  Croix  (Saint  Lawrence)...  174  1,423  -296 

2.  Saint  Croix  (Basal  sandstone)..    46  1,468  -340 

1 .  A  Igonkian  (?)  penetrated 6  1 ,473  -246 

The  driller's  record  of  No.  1  of  ''granite,"  as  reported  from 
Mason  City,  and  "quartzite"  as  stated  by  the  driller  to  Prof. 
C.  W.  Hall,  of  Minneapolis,  is  not  substantiated  by  either  of 
the  drillings  representing  this  horizon.  These  contain  none 
of  the  constituents  of  granite  except  quartz,  and  this  is  in  the 
form  of  rolled  grains.     No.  1,  so  far  as  shown  by  the  drillings, 

is  a  glauconif  erous  sandstone  and  belongs  with  No.  2  to  the 

« 

basal  sandstone  of  the  Saint  Croix. 

VIL      BRITT. 

Owner C.  M.  &  St.  P.  Ry.  Co. 

Depth .684  feet. 

Diameter 7  inches. 

Elevation  of  curb 1,236  A.  T. 

Head  of  water 1,220  A.  T. 

Depth  to  rock 125  feet 

ANALYSIS,  t 

GRAINS 
IN  n.  8.  GALLONS. 
NO.  1.        NO.  2. 

Calcium  carbonate 12.5S        15.30 

Magnesium  carbonate 7.98         8.15 

Calcium  sulphate 4.16  .76 

Silica,  alumina  and  oxide  of  iron 15  .23 

Alkaline  chlorides 22  .17 

Alkaline  sulphates -.. 3.23 

Total 25.09        27.84 


« 


*Infonnatloii  supplied  by  Meura.  J.  A.  Oarton  and  J.  A.  Treganza. 

tDates,  No.  1,  October  0,  1888,  No.  2,  May  19,  1894.    Analyst  and  Authority.  H.  E.  Smith. 
Depth  of  well  when  No.  1  was  made,  638  feet:  when  No.  S.  684  feet. 
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VIII.      ALGONA.* 

Owner Town(?) 

Depth 1,050  feet. 

Elevation  of  curb l,202t  feet. 

Head  of  water l,133t  feet. 

DRILLERS'  LOG. 

THlCKinsS.  DEPTH. 

5 235  235 

4.  Sand  rock 75  310 

3.  Lime  rock 125  435 

2.     Sand  rock 300  735 

1.  Shale  and  streaks  of  sand  rock .  315  1,050 

This  record  may  be  interpreted  as  follows,  but  with  hardly 
more  than  a  shade  of  probability  in  several  of  the  determina- 
tions. 

FIST. 

5.  Drift  235 

4.  Mississippian 75 

2.  Dolomites   of  Niagara-Trenton  (often    called  **sand 

rock-) - :....     300 

1.     Basal  shale  of  Trenton.     Shales,  dolomites  and  sand- 
stones of  inferior  terranes 315 


IX.       EMMETSBURG.i 

Owner C,  M.  &  St.  P.  Ry.  Ck). 

Depth 874  feet 

Elevation  of  curb 1,230  A.  T. 

Head  of  water 1. . 11.. .1— .1,197  A,  T. 

«■  ANALYSIS. 

OBAIKSPKBU.  8. 

WIRE  GALLON. 

Calcium  carbonate 13.96 

Magnesium  carbonate 6.46 

Alkaline  sulphates 2.52 

Alkaline  chlorides 0.48 

SiUca,  alumina  and  oxide  of  iron 0.54 

"T    I 

Total : 23.96 

Date  May  16, 1894.     Analyst  and  authority,  H.  E.  Smith. 


*Although  a  full  report  was  sent  In  of  the  system  of  water  works  by  the  saperintendent, 
repeated  applicatlODs  to  citlzeni  asd  officials  for  Information  as  to  the  well  remain  unan- 
swered. Possibly  Dothlncr  whatever  Is  known  of  the  well  further  than  the  meagre  details 
kindly 'Supplied  by  the  driller,  Mr.  8.  Swanson. 

t  Approximately. 

t  A  complete  set  of  some  eighteen  samples  of  the  drillings  of  the  Ohlcago,  Milwaukee  &  St. 
Paul  railway  was  saved  by  Oapt.  B.  B.  Soper— the  only  complete  set  known  of  any  well  in 
northeastern  Iowa,  except  that  at  Sioux  City.  This  set  was  submitted  to  the  author,  and  his 
determinations  were  published  in  a  preceding  report  of  the  Survey.  (lowaOeol.  Surv.,  vol. 
Ill,  pp.  186, 187) 
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This  water  is  derived  from  the  Saint  Peter  sandstone,  No.  2 
of  the  section  given  below,  and  its  source  lies  to  the  north 
and  probably  to  the  west.  The  Dakota  sandstone,  No.  10, 
also  contains  a  copious  supplj"  of  water,  but  it  is  cased  off  • 
from  this  well,  as  it  is  so  heavily  mineralized  as  to  be  unfit 
for  boiler  use.  The  town  well,  24(5  feet  deep,  utilizes  this 
source,  whose  capacity  through  a  six-inch  bore  is  120  gallons 
per  minute. 
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The  lotr  of  the  driller,  Mr.   W.  E.  Swan,^with' Dr.' N,' H, 
Wincheirs  interpretation  is  as  follows:* 

FEET. 

Yellow  clay  i  loess  loam) IH 

lilue  clay  'lM)ulder  clay  and  ( 'retaceoius) 204 

Dark  sand  i r  ;{() 

■  (Dakota  of  the  ( 'retaceous.j  "~ 

(iray  sand  ) 7<> 

Red  nuirl  i.Jurjusso-Triassie) 22 

liroken  limestone 10 

Sandy  lime  rock _  22 

lilack  shalo 4 

Lime  rock ,_ :|() 

(^ray  shale _ 15 

Mairnesian  limestone . 224 

(iray  sliah* _,  (j;3 

Hlue  sliale _. ;^ 

White  sandstont.'    Saint^t 'roixj 107 

(iranite  li'otsdam  «|uartzite) t\ 


I.K 

14. 
13. 

12. 

11. 

10. 

1). 

8. 

t . 
t). 
'). 
4. 
3. 


1. 


Total St)l» 


•  Wlnchell.    Bulletins  Minn.  Acad.  Nat.  Sc.  vol.  1.  pp  387,  38S. 
IK  O.  Uep 
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X.      SANBORN. 

Owner C,  M.  &  St.  P.  Ry.  Co. 

Depth 1,256  feet 

Elevation  of  curb „. 1,552  A.  T. 

Head  of  water 1,202  A.  T. 

Capacity  in  gallons  per  minute 100 

This  well  was  drilled  by  S.  Swanson  in  less  than  five  months, 
from  December  1,  1895  to  April  23,  18m.  The  bore  is  8 
inches  to  a  depth  of  436  feet,  6  inches  to  721  feet,  and  4i 
inches  the  remainder  of  the  distance  to  the  bottom.  Water 
was  found  at  494  feet,  503  feet  and  857  feet.  The  well  is  cased 
to  815  feet,  thus  presumably  shutting  oflf  all  except  the  lowest 
vein. 

ANALYSIS. 

GRAIMS  PBR  U.  S. 

WINE  OALIiON. 

Mag^nesium  carl)onate 18.5J} 

Maj^nesium  sulphate (5.70 

Calcium  suli)hate 70.08 

Alkaline  sulphate 29.82 

Alkaline  chloride 2.50 

Oxides Trace 

Total 127.(>;^ 

Date.  September  17,  18%. 

This  water  which  contained  95.31  grains  per  gallon  of  incrust- 
ing  solids,  or  13.62  pounds  per  1,000  gallons,  is  well  pronounced 
by  the  analyst,  Mr.  H.  E.  Smith,  as  unfit  for  boiler  use.  It  is 
the  strongest  selenitic  water  analyzed  in  the  state  and  could 
not  be  recommended  for  town  supply. 

RECORD   OF  STRATA. 

The  following  is  the  log  of  the  driller,  with  such  determina- 
tions of  the  formations  as  seem  most  probable: 

THICK-  BLBV. 

MWS.  DKPTH.  A.  T. 

9.     Clay,  yellow.  Pleistocene 75  75  1.477 

8.     Clav,  blue.  Pleistocene 125  200  L352 

7.     Shale,  blue.  Cretaceous 160  360  1,192 

6.     Lime  rock  in  streaks;  shale,  blue 

and  green,  Cretaceous 200  560  992 

5.     Sandstone,  soft,  white  (some shale >. 

Dakota 155  715  837 
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THICK-  ELBV. 

NISS.      DEPTH.      A.  T. 

4.     Shale,  ^niy  and  »treaks  of  rock. 

Trenton 50  TH")  787 

3.     Sandstone,  white.  Saint  Peter 45  810  742 

2.     Shale,  blue  and  ^reen,  mixed  with 

sandstone )  Oneota,     2(H)         1.010  542 

1 .     Shale,  ^rreen  and  white.  S  St.  ( 'roix  240         1 ,2i>0  :m 

Unfortunatel}^  no  samples  were  saved.  Mr.  Swanson,  who 
has  had  much  experience  in  drilling  wells  in  Minnesota, 
where  the  Archean  rocks  are  more  frequently  reached  by  the 
drill,  writes  that  "the  bottom  of  the  well  must  be  near  the 
Archean  formation,  according  to  the  similar  formations  found 
in  wells  where  granite  or  the  Archean  formations  are  found." 
In  position  No.  5  corresponds  to  the  Dakota  sandstone,  as 
will  be  seen  by  inspecting  the  general  section  of  Plate  IX. 
The  Dakota  sandstone  is  indeed  "soft,"*  but  it  is  hardly  to  be 
expected  that  it  would  be  described  as  '*  white. "  This  descrip- 
tion accords  with  the  Saint  Peter,  as  does  the  thickness  with 
measurements  of  that  formation  in  wells  in  southern  Minne- 
sota. Like  the  Saint  Peter  also  Xo.  5  is  covered  with  heavy 
shales. 

XL       HULL. 
Owner Town  of  Hull. 

Depth  1.2()3  feet. 

Diameter 10  and  H  inches. 

Elevation  of  curb 1,4.^  feet  I  A.  T. 

Head  of  water l,20a  feet  J  A.  T. 

This  well  was  begun  December  10,  1889,  and  was  completed 
by  Rodgers  &  Ordway,  August  17,  1892.  Casing  reaches  the 
depth  of  about  800  feet.  Water  was  found  between  700  and 
800  feet.  No  analysis  has  been  made.  It  is  described  by  cor- 
respondents as  very  hard  and  heavily  loaded  with  sulphate  of 
lime.     The  supply  is  stated  to  be  unlimited. 

Nothing  is  known  of  the  strata  of  the  first  755  feet  of  the 
boring.  Below  that  depth  the  drill  passed  through  at  least 
six  beds  of  ancient  lava  intercalated  between  saccharoidal 
sandstones.  +      This    assemblage    of    strata,   unique    iii    the 

*  Reported  by  Dr.  N.  G.  O.  Goad  and  Ur.  W.  M.  Boomer. 
tBeyor:    Iowa  Oeol.  Surv  ,  vol.  I,  pp.  105-180. 
t  Approximately. 
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records  of  the  geological  history  of  Iowa,  probably  belongs  to 
the  Algonkian. 

The  description  is  inserted  here  of  the  wells  situated  north 
of  the  McGregor-Pairview  section. 

XII.      LANSING.* 

Owner Lansing'  ArWaian  Well  Co. 

Number  of  welle .-.2. 

Depth 676  teet  and  748  feet. 

Diameter,,,- 6  laches. 

Elevation  of  curb  A,  T 677  feet. 

Head  of  water  A.  T ...719_feet  and  709  feet. 

Discliarge  iu  gallons  per  minute. .700. 

Temperature 50°. 

This  well  was  bored  in  1877  by  Swan  Brothers.  Casing  is 
sunk  to  a  depth  of  about  165  feet.  Unfortunately,  no  analy- 
sis of  the  water  has  been  made,  and  we  know  nothing  of  its 
qualities  except  that,  though  an  excellent  drinking  water,  it 
is  hard  and  corrodes  iron.  It  is  a  gratifying  fact  that,  in  con- 
trast with  many  artesians,  the  flow  of  these  wells  is  said  to 
have  increased.  Lansing  offers  a  pleasing  instance  of  a  town 
equipped  with  a  water  service  at  a  very  moderate  cost.  The 
supply  of  pure  water  is  far  in  excess  of  the  demand.  The 
pressure  at  the  wells  is  such  that  neither  engines  and  pumps, 
nor  standpipe  or  reservoir,  have  been  considered  necessary. 
The  company  report  a  comfortable  revenue,  and  that  their 
annual  operating  expenses  are  S16.5.35.  The  water  rate  to 
dwellings  is  SIO  per  annum.  The  city  pays  S310  per  annum 
for  ten  hydrants.  It  need  not  be  said  that  no  meters  are 
used. 

KEfORD  OP  STRATA. 

The  following  description  is  of  drillings  taken  from  a  tube,  t 

As  the  I'ecord    had  been  lost,    nothing  remained   but  to 

assume  that  the  length  of  the  tube  and  the  thickness  of  the 

respective  drillings  were  proportioned  to  the  depth  of  the 

well  and  the  thickness  of  the  several  strata. 

•Beported  by  Messrs.  B.  F.  Thomas  and  E.  Boeckh. 

tDooatei]  b;  Hon.  Horace  Bcache,  Ex-IT.  B,  Commissioner  ot  Arteslui  Weill.  Pralrte  dn 
OblBD,  Wis. 
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KSTIMATID  ESTIMATED 

THICKNESS.  DEPFH. 

10.     Clay,  yellow,  no  sample _ 37?  37? 

9.  Shale,  cho<^ohite  colored,  slijirhtly  ealcar- 
eouH,  with  some  coarse  Pleistocene  sand 
intermixed 3o  72 

8.  Shale,  greenish-yellow,  calcareous,  aren- 
aceous, with  minute  angular  grains  of 
limpid  quartz II')  107 

7.     Sandstone,  white,  yellow  and  buff,  grains 

varying  widely  in  size 125  232 

6.     Shale,  light  purplish  and  drab,  arenaceous    15  247 

5.     Sandstone,  fine  yellow 0  252 

4.  Shale,  arenaceous;  or  sandstone,  argilla- 
ceous, blue-drab,  slightly  calcareous 70  322 

3.     Shale,  red,  arenaceous,  with  a  thin  stratum 

of  intercalated  drab  shale  as  No.  3 45  367 

2.     Sandstone,  light  yellow,  moderately  fine 

grains  and  8ul)-angular  and  rounded 381  748 

*1.     "  Hard  crystalline  rock  "  at 748 

This  entire  section  above  No.  1,  and  excepting,  of  course, 
No.  10,  consists  of  the  basal  sandstone  of  the  Saint  Croix. 
The  same  formation  as  measured  by  Calvin  reaches  in  the 
adjacent  bluflfs  to  a  height  of  ninety-six  feet  above  the  river. 
Thus  compassed,  the  entire  thickness  of  the  formation  at  this 
place  is  seen  to  be  796  feet.  The  conjoined  geological  sec- 
tions of  river  gorge  and  well  are  as  follows: 

Oneota  limestone 120 

SaintCroix.     Jordan  sandstone 160 

St.  Lawrence  dolomite  and  shales. 44 

Basal  sandstone 796 

Algonkian  at - 1.120 

XII T.      CKESCO. 

The  well  at  this  place,  owned  by  the  Chicago,  Milwaukee 
&  St.  Paul  Railroad  Co.,  is  1,158  feet  deep.  It  was  drilled 
about  the  year  1875,  and  has  not  been  used  for  an  unknown 
length  of  time. 

XIV.      HARPERS   FERRY. 

Nothing  is  known  of  this  well  beyond  the  few  facts 
recorded  by  White.  + 

*OalYln:    Iowa  Geol.  Surv..  vol.  IV,  p.  66. 
tOeology  of  Iowa,  yoI.  II,  p.  33S-3S6. 
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XV.      WAUKON. 

Owner Incorporated  town  of  Waukon. 

Depth 577i  feet. 

Bore _8  inches. 

Head  (depth  from  curb) 280  feet. 

Capacity  in  gallons  per  minute  .120. 
•    Drillers Palmer  &  Sand  bo. 

The  Saint  Peter  sandstone  was  struck  at  a  depth  of  195  feet, 
or  132  feet  below  the  grade  of  the  railway  at  station.  At  295 
feet  the  drill  is  said  to  have  entered  the  ( )neota. 

IL      DUBUQUE-SIOUX  CITY  SECTION. 

The  stratigraphy  of  this  section  stronglj-  resembles  that  of 
the  section  from  McGregor  to  Fairview  (plate  IX),  which  lies 
from  thirty-five  to  fifty  miles  to  the  north.  The  synclinal 
structure  persists  and  the  axis  of  the  trough  seems  still  to  lie 
a  little  east  of  the  Des  Moines  river.  On  the  eastern  side  of 
the  syncline,  the  westward  component  of  the  dip  amounts  to 
between  5  and  6  feet  to  the  mile,  as  measured  along  the  sum- 
mit of  the  Maquoketa  shale  from  Manchester  to  Webster  City, 
and  along  the  summit  of  the  Saint  Peter  from  Dubuque  to 
Ackley.  The  dip  on  the  western  side  of  the  trough  is  not 
known  with  any  degree  of  accuracy.  The  southward  com- 
ponent of  the  dip  of  the  Paleozoic  series  much  exceeds  the 
westward  and  probably  also  the  eastward.  The  axis  of  the 
trough  dips  more  rapidly  than  the  sides.  From  Calmar 
to  Manchester,  f  ortj^-eight  miles  south  and  twenty  miles  east, 
the  Saint  Peter  declines  500  feet,  a  southward  dip  of  about 
12i  feet  to  the  mile.  From  Mason  City  to  Acklej"  the  Maquo- 
keta declines  560  feet,  at  the  rate  of  14  feet  to  the  mile.  At 
Emmetsburg  the  Saint  Peter  lies  460  feet  higher  than  at  Hol- 
stein,  sixty-one  miles  to  the  southwest.  A  dip  of  5  feet  to  the 
mile  from  Holstein  eastward  brings  the  Saint  Peter,  at  a 
point  directly  south  of  Emmetsburg,  680  feet  lower  than  at 
that  town,  a  dip  of  16  1-5  feet  to  the  mile.  The  eastward  dip 
from  Holstein  is  probably  considerably  more  than  5  feet  to 

^Information  supplied  by  Messrs  0.  L.  Bearce  and  J.  O.  Ratcliffe. 


C«Ur  FW 


-«_«--'•'-" 


'UX  CITY. 


THE   ALGONKIAN   FLOOR. 


203 


the  mile,  and  the  southward  dip  from  Emmetsburg  is  assumed 
to  be  more  nearly  20  feet  to  the  mile. 

The  southward  slope  of  the  Algonkian  floor  is  still  more 
steep.  The  quartzite  at  Rock  Rapids  rises  as  a  mountain 
1,300  feet  in  height  above  the  Algonkian  at  Le  Mars,  forty- 
four  miles  south.  The  following  diagram  figures  the  Algon- 
kian floor  on  this  section. 

Lying  several  hundred  feet  lower  than  on  the  McGregor- 
Fairviewsection,  the  formations  below  the  Niagara  fail  of  out- 
crop except  in  the  immediate  valley  of  the  Mississippi,  and 
the  superficial  area  of  the  Niagara  and  the  higher  terranes  is 
greatl}'  widened.     The  Coal  Measures  now  appear  at  Ackley, 
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Fig.  39.    Profllr  of  thv  Algonkian  floor  from  Rock  Kapids  to  Sioux  City. 

i^oaUi— 8  miles  t3  the  Inch. 

Webster  Cit3%  and  Fort  Dodge.  Their  westward  extension 
beneath  the  Cretaceous  in  Woodbury  countj^  is  hypothetical. 
The  heavy  shales  at  Holstein  whose  base  is  at  757  A.  T.,  are 
best  referred  to  this  terrane.  The  assumption  involved  that 
the  base  of  the  Coal  Measures  has  thus  declined  2()0  feet  west- 
ward from  Fort  Dodge  is  not  unreasonable,  since  it  corre- 
sponds in  direction,  if  not  in  degree,  with  the  dip  of  the  strata 
in  the  sections  farther  to  the  south. 

These  shales  do  not  appear  at  Cherokee,  eighteen  miles  due 
north  of  Holstein.  At  915  A.  T.  the  drift  there  gives  place 
to  heavy  limestones,  which  seem  to  correspond  to  the  lime- 
stone which  immediately  underlies  the  shale  at  Holstein 
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With  a  southward  dip  of  about  nine  degrees  these  shales  would 
therefore  pass  out  before  reaching  Cherokee.  At  Dunlap, 
forty- four  miles  southwest  of  Holstein,  the  base  of  the  Coal 
Measures  is  placed  at  569  A.  T.,  showing  a  dip  in  this  direc- 
tion of  a  little  over  4  feet  to  the  mile.  It  is  not  impossible 
that  some  portion,  at  least,  of  these  shales  at  Holstein  may 
be  Cretaceous,  since  their  base  occupies  about  the  same  level 
assigned  to  the  base  of  the  Cretaceous  at  Sioux  City.  This 
arrangement,  however,  would  give  a  bulk  to  the  eastward 
extension  of  the  Cretaceous  that  is  unsupported  by  evidence, 
and  would  destroy  the  parallel  of  the  first  sandstone  at  Hol- 
stein with  the  Dakota  at  Emmetsburg  and  Sioux  City. 

It  cannot  be  considered  certain  that  the  upper  shales  at 
Ackley,  with  their  interbedded  limestones  and  sandstones, 
are  not  in  part,  at  least,  Kinderhook;  but  the  fact  that  no 
such  body  of  shale  appears  at  Webster  City  at  the  depth  at 
which  the  Ackley  shale,  if  Kinderhook,  would  be  carried  by 
the  western  dip,  together  with  the  character  of  the  shales, 
makes  it  highly  probable  that  they  belong  to  a  northern 
extension  of  the  Carboniferous  outlier  at  Eldora.  The  mag- 
nesian  limestone  at  803  A.  T.  is  underlain  by  a  thin,  highly 
calcareous  and  fossiliferous  blue  shale  which  occupies  the 
place  of  the  Lime  Creek,  or  the  Kinderkook.  This  is  correl- 
ated with  the  shale  at  678  A.  T.  at  Webster  City,  and  with 
much  greater  possibilitj^  of  error  with  that  at  707  A.  T.  at 
Holstein.  The  arrangement  involves  a  thickness  of  between 
300  and  400  feet  for  the  Mississippian  in  the  region  of  the  Des 
Moines  river  and  an  unconformity  of  that  group  with  the 
underlying  Paleozoics  of  much  greater  extent  in  northwestern 
Iowa  than  obtains  in  other  i^arts  of  the  state. 

The  eastern  frontier  of  the  Devonian  is  crossed  by  the  sec- 
tion a  little  to  the  east  of  Independence,  where  the  basal 
shale  of  the  Devonian  was  discovered  by  Calvin.  The  Inde- 
pendence shale  is  now  known  to  extend  at  least  forty  miles  to 
the  southeast  of  the  place  that  gave  it  name.  Recent  unpub- 
lished discoveries  of  the  Independence  fauna  in  the  Kenwood 
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shale  of  Linn  eountj^  prove  the  previously  assumed  identity 
of  the  two  shales.  It  probably  extends  to  no  great  distance 
to  the  west,  as  at  Ackley  it  was  not  recognized.  Beyond 
Ackley  it  is  impossible  to  draw,  with  a  sure  hand,  either  the 
upper  or  the  lower  limits  of  the  Devonian. 

The  Silurian  thins  gradually  from  its  outcrop  westward,  and, 
losing  its  dolomitie  nature,  fails  of  discrimination  west  of 
Ackley  by  any  evidence  supplied  by  the  powdered  rock  of  the 
drillings.  Where  it  passes  beneath  the  Devonian,  its  thick- 
ness can  fall  but  little  short  of  300  feet. 

The  Maquoketa  thickens  rapidly  from  its  outcrop  at 
Dubuque.  At  Manchester  it  is  205  feet  thick,  eighty-five  feet 
in  excess  of  any  estimated  thickness  of  outcrop  in  the  state. 
The  formation  is  divided  by  a  thin  bed  of  dolomitie  limestone 
at  Manchester,  Ackley,  Anamosa  and  Vinton  into  two  divis- 
ions, of  which  the  upper  is  the  heavier. 

The  shale  in  the  Webster  City  section  at  930  A.  T.  may 
safely  by  taken  as  the  Maquoketa.  One  sample  of  argillaceous 
limestone  is  said  to  represent  120  feet  of  rock  above  it.  Apart 
from  the  uncertainty  attaching  to  sections  constructed  out  of 
samples  over  100  feet  apart,  it  is  possible  that  the  Silurian  is 
here  becoming  argillaceous.  At  Webster  City  is  the  last 
recognized  appearance  of  the  Maquoketa. 

No  district  is  known  to  the  writer  where  the  lithological 
change  in  the  Galena-Trenton  is  so  rapid  and  complete  as 
occurs  in  the  forty  miles  from  Dubuque  to  Manchester.  In 
this  distance  the  whole  Galena  dolomite,  buff,  heavily  bedded 
and  crystalline,  as  it  fronts  the  Mississippi  river  in  a  wall  250 
feet  high,  has  passed  into  thinly  bedded  and  earthy  blue  and 
gray  limestones  of  the  ordinarj^  Trenton  type.  At  Ackley  the 
samples  of  the  Galena-Trenton  show  no  dolomite;  but  the 
Galena  reappears  at  Vinton  and  Anamosa. 

At  Holstein  and  Sioux  City  the  strata  referred  to  this  per- 
sistent terrane  are  exclusively  dolomites  so  far  as  the  samples 
indicate.  The  basal  shale  of  the  Trenton  is  thin  at  Man- 
chester; at  Ackley,  it  is  hard,  bright  green,  and  slaty,  and 
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about  thirty-five  feet  thick;  it  reappears  in  thin  stratum  above 
the  Saint  Peter  at  Holstein. 

The  Saint  Peter  is  recognized  in  all  the  deep  borings  of  the 
section  which  reach  to  its  assumed  depth,  except  in  the  well 
at  Sioux  City.  Its  greatest  depth  is  probably  about  400  feet 
below  sea  level  in  Hamilton  and  Webster  counties. 

The  division  of  the  Oneota  is  not  clearly  made  out  at 
Dubuque.  At  Manchester  two  arenaceous  beds  occupy  the 
horizon  of  the  New  Richmond.  At  Ackley  this  sandstone  is 
seventy  feet  thick,  white,  saccharoidal  and  closely  resemb- 
ling the  Saint  Peter. 

The  Jordan  sandstone  thickens  at  Ackley,  nearly  to  its 
extreme  for  the  state.  The  upper  portion  is  calciferous,  but 
toward  the  base  it  becomes  a  soft  sandstone  of  rolled  grains. 

The  Saint  Lawrence  lies  below  the  bottom  of  all  the  wells 
between  Manchester  and  Sioux  City.  At  the  latter  extreme 
it  is  probabh^  represented,  but  its  exact  limits  can  not  be 
fixed. 

The  basal  sandstone  at  Dubuque  descends  below  the  limits 
of  the  section.  At  the  profound  depth  of  1,248  feet  below  sea 
level  the  drill  has  not  reached  the  crystalline  rocks.  Where 
maximum  depth  of  this  sandstone  would  be  found  is  scarcely 
even  to  be  conjectured,  so  great  are  the  irregularities  of  the 
Algonkian  floor  on  which  it  rests.  On  the  western  extreme 
of  the  syncline  it  rises  on  the  slope  of  the  gneissoid  rocks, 
and  at  the  Missouri  river  this  sandstone  and  the  terranes 
above  it  as  high  as  the  Saint  Peter  are  probably  all  comprised 
within  less  than  500  feet. 

.  1  rtesiati  Snjyply. 

In  only  one  well  from  Dubuque  to  Sioux  City  have  we  any 
definite  information  as  to  the  water  horizons  of  the  section. 
Nevertheless  the  experience  of  drillers  in  other  parts  of  the 
state  may  be  utilized  here,  and  borings  for  artesian  water 
confidently  recommended  in  the  two  tiers  of  counties  from 
Clayton  and  Dubuque  on  the  east  to  Wright  and  Hamilton  on 
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the  west.  In  the  two  latter  counties  and  in  Franklin  and 
Hardin,  great  care  must  be  taken  to  shut  out  upper  sulphur- 
ous and  ferruginous  waters  from  the  Carboniferous.  Beyond 
the  Des  Moines  river  no  evidence  at  hand  warrants  the 
expectation  that  a  generous  yield  will  be  found  at  anj^  depth. 
The  Holstein  well  will  serve  as  an  example  of  what  may  be 
expected  in  the  western  part  of  this  region.  Yet  towns  for 
which  50  to  100  gallons  per  minute  is  adequate  may  find 
artesian  water,  heading  even  at  200  or  375  feet  below  the  sur- 
face, the  best  available  supplj^  The  indications  are  adverse 
in  Plymouth  and  Woodbur}^  counties,  and  doubtful  in 
Cherokee. 

The  caution  must  be  repeated  that  especially  east  of  the 
Des  Moines  river,  the  supply  must  be  looked  for  below  the 
Saint  Peter.  The  synclinal  structure,  and  especially  the 
heavy  southward  dip  of  the  strata,  permit  artesian  water  in 
the  limestones  above  that  sandstone  over  a  large  part  of  the 
area  crossed  by  this  section.  At  Webster  City  two  such  veins 
were  found,  one  in  the  Trenton,  and  one  325  feet  above  the 
Maquoketa.  Such  supplies  should  alwaj's  be  utilized,  if 
suflficient  and  acceptable;  but  as  thej"  are  at  best  uncertain 
no  well  should  be  begun  unless  with  the  expectation  of  going 
as  deep  as  the  Jordan  sandstone.  It  ma}'  be  advisable  to  go 
still  deeper  and  tap  the  stores  of  the  Basal  sandstone, but  before 
the  drill  enters  the  Saint  Lawrence  the  adequacy  of  the  upper 
veins  should  be  tested. 

On  the  western  side  of  the  trough,  a  moderate  yield  may 
sometimes  be  found  in  the  Saint  Peter.  In  no  case  should 
money  be  wasted  by  continuing  the  search  whenever  quart- 
zitic  or  gneissoid  rocks  are  reached.  Yet  experience  shows 
that  samples  of  the  drillings  should  always  be  submitted  to  a 
geologist,  in  order  to  make  certain  that  the  drill  is  really 
working  in  crystalline  rocks. 
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Dubuque  probably  ranks  first  among  the  towns  of  the  state 
in  the  output  of  artesian  waters,  and  is  outclassed  only  by 
Davenport  in  the  number  of  its  flowinjr  wells. 

The  first  artesian  water,  so  far  as  reported,  springs  from 
the  New  Richmond  horizon  of  the  Oneota  at  264  A.  T.  The 
second  supply  mentioned  is  in  the  Jordan  sandstone  from  137 
to  107  A.  T.  Water  is  reported  also  from  the  upper  part  of 
the  Basal  sandstone  from  262  to  326  feet  below  tide,  and  from 
544  to  944  feet  below  tide.  Below  the  latter  depth  the  Basal 
sandstone  was  found  to  be  drj'. 

The  original  head  of  the  wells  1,000  feet  deep  or  less  seems 
to  have  reached  from  700  to  740  A.  T.  In  the  deeper  wells  in 
Linwood  cemetery  the  water  rose  a  few  feet  higher,  perhaps 
to  753  A.  T.  In  several  wells  there  has  been  a  notable  loss 
of  pressure.  How  far  this  is  due  to  exhaustion  of  the  local 
basin  is  hard  to  say.  In  several  instances  the  loss  is  largely 
attributable  to  other  causes.  After  1887  no  well  less  than 
1,000  feet  deep  headed  higher,  so  far  as  we  know,  than  673 
feet  A.  T.  The  head  of  the  well  drilled  in  1894  at  tjie  Bank 
and  Insurance  building  was  only  at  648  A.  T. ,  about  the  height 


*Forthe  tacts  relating  to  the  wellaal 
eringtOD,  who  donated  a  tube  of  ■amplee 
WktsoD,  Mr.  Jai.  Beach,  and  to  several  c 
neer,  IcladlT  suppllefl  the  elevatloD*  of 
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e  wells.    Mr.  W.  H   Knowlton.  cli;  engl- 

(cept  that  of  No.  S,  Linwood  cemeterj. 
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of  the  present  heads  of  the  other  wells  of  the  class  except 
that  of  the  Julien  house.  If  the  water  of  the  latter  well  still 
rises  to  the  reported  height,  712  A.  T.,  it  would  show  that  no 
serious  overdraft  on  the  basin  has  yet  been  felt.  Unfortu- 
nately no  report  of  pressures  on  the  new  wells  of  the  Malting 
Co.  and  Mr.  Ilemmi's  can  be  obtained  from  their  owners. 
While  it  is  very  probable  that  the  less  deep  wells  have  been 
multiplied  beyond  the  capacity  of  the  lo(*al  suppl3%  we  find 
little  reason  to  believe  that  the  low^er  reservoirs  from  514  to 
944  feet  below  tide  have  V)een  overdrawn. 

The  following  analyses  show  the  exceptional  1\^  high  quality 
of  the  artesian  waters  of  Dubuque. 


GRAINS  PER  n.  8.  GALLON. 

• 

No.  1. 

No.  2. 

No.  3. 

No.  4.        No.  5. 

Calcium  carlKmate 

Ma^rnesium  oarbouate 

Calcium  Hulphate 

7.471 
3.794 

7.2379 
4.4186 
2.1830 

9.4r>;39 
4.3775 
1.2841 

7.5881 
6.3623 

8.0<)6 
7.179 

Magnesium  s\il])hate 

0.2918 
0.9607 

Sodium  sulphate .  

Potassium  sulphate 

1.582 

Sodium  chloride 

1.926 

2.0488 

1.6927          0.3,502 

0.204 

Maprnesium  chloride  .__ 

Alumina  and  Ferric  oxide 

Silica 

0.036 
0.872 

Total. 

20.420 

19.?621 

$:0.4205 

15.6432 

17.968 

No.  1.     Maltinjr  Co.'s  well,  from  200  to  300  feet.     Analysts,  Wahl  and  Ilenius. 
Authority.  Schmidt  Brothers. 

No.  2.     Maltin^r  Co..  at  ^'00  feet.     Analysts,  Wahl  and  Henius.     Authority, 
Schmidt  Broth ei»s. 

No.  3.     Maltin«jr  Co..  at  999  feet,     .\nalysts.   Wahl  and   Ilenius.     Authority, 
Schmidt  Brothers. 

No.  4.     Cushinjr's  well.     Analysts.  Wahl  and  Henius.     Authority,  James  Cush- 
iD^»"  and  Son. 
N:).  5  .     Steam  II(^atin•^  Co.     Analyst  and  authority.  C.  F.  Chandler. 

Dt'BUQUK   HANK   AND   IXST'KANrE   FU'ILDINCJ    (;0. 

GKAIN^l  PEK  PARTS  PER 

n.  8   GALLON  MILLlf*N. 

Silica  iSi  ().^i    298  5.113 

Alumina  i  Al^  Oa.iand  Ferric Oxide^Kca  ( )»)       .646  1 1.143 

Lime(CaO) 4.11S  7I.;)00 

Mafrnesia  (Mtr  O) 2.378  41.000 
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GBAIMB  PBR  PARTS  PRB 

u.  8.  qallon.  million. 

Potash  (K,  O) - 

Soda  (Na,  O) 1.665  2^.714 

Chlorine  ((1) Trace  Trace 

Sulphur  trioxide  (S  Og) 996  17.143 

rarlwn  dioxide  (C  O,) 11.668  201.000 

Water  in  combination  (H,  O) 2.129  36.714 

UNITED  AS  FOLLOWS. 

Calcium  bicarbonate  (Ca  H,)  (CO3)  ,)  ....     9.587  165.287 

Calcium  carbonate  (Ca  CO,) 1.434  ::4.714 

Maj?nesium  bicarbonate  (Mg  H,  {CO3)  j). .    8.625  148.714 

Sodium  carlx)nate  (Na,  c:Oa) 1.533  26.428 

Sodium  sulphate  (Na^  SO,)    1.765  30.428 

Alumina  (Al,  O3)  and  Oxide  of  iron .64  (i  11.143 

Silica  (Si  Oj)    29S  b.H^ 

Solids 23.888  411.857 

Analyst,  Dr.  J.  B.  Weems.     Date,  May  30,  1896. 

Several  engineers  report  that  the  water  corrodes  iron  pipes 
and  makes  some  scale.  The  deeper  waters  of  the  Lin  wood 
cemetery  wells  are  said  to  be  poor  as  drinking  water.  Sani- 
tary analyses  of  artesian  waters  have  seldom  been  asked  for, 
and  the  following  of  the  well  of  the  Bank  &  Insurance  Build- 
ing Co.,  by  E.  W.  Rockwood,  is  of  interest  as  showing  the 
high  organic  jDurity  of  waters  of  this  class. 

PARTS  PSR 
MILLION. 

Total  solids 277.000 

Loss  on  ignition  (no  charrin^^  or  odor) 62.000 

Free  ammonia 016 

Albuminoid  ammonia 006 

Chlorine - 

Nitrates  - 

Nitrites - 

Sediment ---. 

Color  none,  otlor  none,  taste  good. 

Equally  significant  is  a  bacterial  analysis  made  by  Dr.  G. 
Minges,  of  Dubuque,  of  the  water  of  the  artesian  well  of  the 
water  company,  in  which  he  found  but  twenty  bacteria  to  the 
cubic  centimeter. 

The  artesian  wells  contribute  but  a  portion  of  the  water  fur- 
nished by  the  water  company.     A  large  amount  of  excellent 
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water  is  furnished  by  an  abandoned  tunnel  in  the  bluff,  two  and 
one-half  miles  from  the  city,  one  mile  in  length  and  about  100 
feet  below  the  surface,  which  was  once  used  to  drain  mines. 
A  third  supply  is  obtained  at  Eagle  Point,  500  feet  from  the 
bank  of  the  Mississippi,  from  300  drive  wells  from  thirty  to 
sixty  feet  deep.  The  impression  prevails  that  this  supply  is 
derived  from  the  river  by  filtration  through  its  banks  of 
sand.  This  is  not  the  case.  The  water  is  common  surface  or 
ground  water,  and  its  contamination  is  shown  by  a  bacterial 
analysis  by  Dr.  Minges,  who  found  as  high  as  5,290  bacteria 
to  the  centimeter  in  water  taken  directly  from  this  pumping 
station.  Under  these  conditions  the  advice  given  of  late 
years  bj^  some  physicians  of  the  town  to  consumers  to  boil  all 
drinking  water  has  not  been  untimely. 

Belonging  to  the  same  local  basin  is  the  town  well  at  East 
Dubuque,  from  which  750,000  gallons  are  pumped  daily.  The 
well  is  983  feet  deep,  bore  six  inches,  and  registers  a  pressure 
of  thirteen  pounds.  One  hundred  feet  of  red  shale,  the  Saint 
Lawrence,  were  reported  as  lying  near  the  bottom  of  the 
boring. 

A  curious  fluctuation  has  been  noticed  in  the  well  of  James 
Gushing  &  Son,  the  discharge  sometimes  being  much  more 
than  at  others.  In  the  deeper  well  at  Linwood  cemetery  the 
tubing  is  sometimes  obstructed  b}^  a  "fibrous  sediment," 
probably  crenothrix.  The  removal  of  this  by  churning  an 
iron  rod  in  the  tube  has  doubled  the  diminished  flow. 

RKCORD  OF  STRATA. 

Driller's  log  of  Steam  Heating  Co.'s  well: 

'.  HICKNES9.  DEPTH. 

li).     (Alluvium)  •' depth  to  roek'' Km  1(w) 

14.     "Sandstone" 6  171 

)H.     ''Sand  and  shale  '• 5  17H 

12.     -Limestone,    white" 128  :«)4 

11.     "Limestone,   gray" 42  346 

10.  "Sand  and  lime"  (inspection  of  the  tul)e 
shows  that  this  includes  a  cherty  lime- 
stone. perhai>s  arenaceous,  a  gray  lime- 
stone and  lowest  a  brown  chertv.  arena- 
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1  HICK  5  ESS.         DEPTH. 

oeous  limestone 135  481 

9.  "Sandstone,"  brown 2(.)  501 

8.  *-Marl,-   yellow 3  'M 

7.  -'Sand  and  lime  " 10  514 

«.     ••  Sandstone'' 62  576 

5.  ••Lime*' 18  594 

4.  "Marl,  rod" 87  681 

3.  "Shale,  sandy,*-  ^een 64  745 

2.  ''Marl,  red- 10  755 

1.  "Sandstone,"  cream  vellow 48  8()3 

DKS(*KIPTION  OF  DRILLINGS   OF  SCHMIDT'S  BRp:WERY   WELL. 

DEPTB  OF 
SAMPLE. 

25.     Sand  and  j^ravel . 25 

24.     Sand,  vellow 30 

2.3.     Sand,  reddish ^ 

22.     Dohmiite,  buff,  a^piot  of  (4alena,  samples  at  CO  and 

()5  feet 60  and     65 

21.     Limestone,  dark  bluish  gray  and  buff 80 

20.  Limestone,  magnesian,  or;  dolomite,  dark  dral),  mot- 
tled with  lighter  eolor,  in  small  angular  fragments, 
residue  aftt^r  solution  large,  argillaeeous,  siliceous 

and  pyritiferous,  three  samples ...-—.-100  to  114 

19.     Sandstone,  whiti',  moderately  coarse,  grains  rounded 

smooth,  and  comparatively  uniform  in  size ...  126 

18.     Dolomite,  light  yellow  gray,  nearly  white,  with  much 

sand  in  drillings 140 

17.     Sandstone,  as  No.  19 156 

16.     Dolomite,  drillings  [chiefly  chert 189 

15.     Dolomite,  gray,  highly  chcrty  at  250  from 210  to  250 

14.     Sandstone,  white,  many  grains  faceted,  some  dolomit-e 

chips  in  drillings...... 254 

13.     Dolomite,  light  [buff,   in  fine   sand,  with   chert  and 

quartz  sand -^ 258 

12.     Sandstone,  white,  with  calcareous  cement 267 

11.     Unknown,  no  samples  or  record 

10.  Dolomite,  buff,  cherty 426 

9.  Dolomite,  brown,  chippings  sj)lintery,  mostly  of  flint 

with  some  of  drusy  quartz ..— - 4*W 

8.  Sandstone,  cream  yellow,  moderately  fine,  calcifei- 

ous  as  shown  bv  dolomitic  and  chert v  material  in 

drillings,  three  samples 465  to  474 

7.     Dolomite,  bufl  in  fine  sand,  with  some  quartz  sand..  478 

6.  Sandstone,  light  reddish  yellow,  fine,  calciferous 535 

5.     Dolomite,  in  fine  buff  sand  and  gray  chii>s 581  to  584^ 
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DEPTH  OF 
SAMPLE. 

4.  Shale,  highly  arenaceous,  glauconiferous,  in  chips 

which  pulverize  into  reddish  yellow  ix)wder  (at  632 
feet)  and  reddish  brown  (at  636  feet),  quartzose 
matter  microscopic  and  angular 632-636 

3.  Dolomite,  highly  arenaceous,  glauconiferous,  in  fine 

brown  angular  sand  at  724  and  in  coarser  sand  at 
726 724-726 

2.  Sandstone,  yellow,  grains  moderately  line,  the  larger 

rounded  and  smoothed - 730 

1.  Sandstone,  pure,  white,  grains  rounded,  moderately 

fine 841 

driller's  log  of  julien  house  well. 

THICKNESS.  DEPTH. 

10.  Depth  to  rock 210  210 

9.  Sandstone 160  370 

8.  Marl 66  436 

7.  Sand,  marl  and  lime  mixed 50  846 

6.  Sandstone 60  546 

5.  Limestone 105  651 

4.  Marl,re<l 40  691 

3.  Shale,  sandy 46  737 

2.  Marl,  red 7  744 

1.     Sandstone - 141  885 

SUMMARY. 

The  wells  of  the  lower  town  pierce  the  alluvial  deposits 
which  fill  a  preglacial  or  interglacial  channel  of  the  Missis- 
sippi river.  The  elevation  of  the  fluvial  floor  of  rock  at  the 
Steam  Heating  ('o.'s  well  is  452  feet  A.  T.,  and  at  the  Julien 
house,  405  feet  A.  T.  if  the  record  can  be  trusted.  Schmidt's 
brewery  stands  near  the  cliffs  of  the  present  gorge  and  here 
rock  lies  at  570  feet  A.  T. 

The  record  of  the  Julien  house  well  falls  in  with  the  other 
records  only  in  part,  but  the  samples  of  the  Schmidt  well  are 
in  close  agreement  with  the  record  of  the  Steam  Heating  Co. 
Combining  these  data  we  have  the  following  section. 

THICKNESS.  BASa  A.  T. 

Galena  . 550 

Trenton 46  504 

Saint  Peter 58  446 

19  G.  Rep. 
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THICK  NB88.  BASE  A   T. 

OiH'otu :uo  13« 

.lofdiLi) 95  41 

Saint   LjiwiH'iu^e 179  -i;J8 

iiiisal  sandstono 1,110  -1,248 

XVIL       MANCHESTER.^' 
i  )\vnci' - , Town 

I)«'ptli 1.870  feet 

Klrvation  of  W(»ll  mouth,  A.  T 920  foot 

lloatl  of  Onlovician  and  ('ani]>rian  wut^^rs,  A.  T 77H  feet 

Uoad  of  Nia^rara  walor,  A.  T 912  foot 

<'a])a<Mty  in  irallons  por  niimite 200 

l)att»  of  hofritinin;'' June  1,  189") 

Dato  of  oonii>lotion Decombor.  189<) 

DrilloiN : J.  V.  Miller  «S:  To. 

I  ^I'ovious  to  the  completion  of  this  artesian,  the  water  supply 
of  Maiu'liesti^r  had  been  an  excellent  sprinj?,  situated  near  the 
business  portion  of  the  town  on  the  banks  of  the  Maquoketa 
rivei'.  A  reservoir  excavated  in  solid  Niagara  rock  receives 
t  he  watei'  of  the  si)rin*r*  and  to  develop  the  flow  to  the  utmost 
sm'cral  wells  of  moderate  depth  have  been  drilled  within  it. 
As  the  watiM'  was  insutticient  to  supply  the  increasing  popula- 
tion i>f  the  town,  it  was  wiselv  decided  to  sink  an  artesian 
WiMl,  and  a  site  was  selected  adjoining  the  reservoir  and 
siMiie  twenty-four  feet  higlier  than  the  water  in  it. 

Whili*  the  drilling  was  in  progress  to  at  least  a  depth  of 
1,4(H>  feet,  water  sti>od  in  the  shaft  at  about  fourteen  feet  from 
the  surfai*e,  and  there  were  indications  that  this  height  was 
due  Xo  llu*  intlux  of  water  fri>m  the  spring.  When  water-bear- 
ing strata  were  reaehed  at  l,2t>0  feet  and  below,  and  the  well 
was  caseil  to  2<U^  feet,  the  water  dropped  to  ]5(^  feet  from  the 
sui'fai-e.  On  removing  the  upper  casing  to  a  depth  of  2»kl  feet, 
the  water  airain  rose  to  within  fourteen  feet  of  the  curb,  and 
on  the  final  pumping  test  of  the  well,  the  spring  adjacent 
nearly  rt^ased  tlowing.  The  well,  therefore,  receives  a  supply 
of  watei'  from  the  Nia.rara  limestone  fn^m  the  s;ime  souive 
as  that  of  the  spring.     The  Saint  Peter  is  cased  out,  if  weai'e 

•Wo  *r^  ;;::ii»T  s;hs*:V.  vV'.:j:a*lons  to  ti  o  pAtn^taklim;  I'are  of  Mr.  M.  J.  Vorao,  who  secured 
tlir  uiu;<r..i'..T  v*v::-.»»".o!t»  <t»t  of  simu:«^  do'»»T:V«M.  and  to  Judce  A  S.  B'.alr.  and  Mr.  C  i^. 
Tx^rrvv  for  :nfor:v..iiion  wiili  refT'^rd  toiho  wel:. 
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rightly  informed,  and  it  is  not  known  whether  or  not  it  is 
water-bearing.  The  main  flow  seems  to  come  from  the  Jordan 
sandstone,  from  1,200  to  1,296  feet.  Below  1,500  feet  no  water 
was  found. 

The  lower' flow  alone  was  tested  with  a  pump  throwing  sev- 
enty-five gallons  per  minute  for  twenty  hours  without  lowering 
the  water.  On  the  final  test  of  all  waters  with  a  pump  throw- 
ing from  160  to  200  gallons  per  minute  from  a  seven-inch  pipe 
200  feet  deep,  the  water  soon  sunk  to  thirty-three  feet  from 
the  surface,  and  there  remained  during  the  entire  test  of 
twenty  consecutive  hours.  It  is  expected  to  increase  the 
capacity  of  the  plant  by  using  a  heavy  eight-inch  casing  200 
feet  in  length  as  the  pump  pipe.  The  diameters  of  the  bore 
are  as  follows. 

10  inches  to  260  feet. 
7  inches  to  890  feet,  seven-inch  casing. 
6  inches  to  1,300  feet,  no  casing.     (Oneota  and  Jordan.) 
6  inches  to  1,650  feet,  five-inch  casing. 
5  inches  to  1,870  feet.     Not  cased. 

The  official  analyses  show  that  Manchester  possesses  an 
excellent  water,  of  the  calcic  magnesian-alkaline  class.  The 
entire  absence  of  iron  is  noteworthy. 

Number  1  is  of  a  sample  taken  before  the  upper  waters  were 
cased  out,  and  when  there  were  980  feet  of  casing  in  the  well. 

Number  2  is  of  a  sample  taken  when  the  well  was  cased  to 
a  depth  of  260  feet  and  there  were  about  1,300  feet  of  casing 
in  the  well. 

MINERAL  ANALYSIS  NO.  1. 

GRAIITB  PER  PARTS  PSR 

U.  8.  GALLON.  MILLION. 

Silica  (Si  O2) 1.902  32.8 

Alumina  (Al,  O,) 244  4.2 

Lime(CaO) 4.848  83.6 

Magnesia  (Mg  O) 1.595  27.5 

Soda  (Na^  O) 487  8.4 

Chlorine  (CI) 522  9. 

Sulphur  trioxide(S03) 6.479  111.7 

Carbon  dioxide  (C  O, ) 5.040  86.9 

Water  in  combination  (H,  O) 830  14.3 

Total 22.047  378.4 
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UNITED  AS  FOLLOWS. 

ORAIirS  PER  PARTS  PSR 

U.  (*.  GALLON.  MILLION. 

Calcium  bicarbonute  (Ca  H^ICOg),) 7.401  127.6 

Silica  (Si  O,) 1.902  32.8 

Alumina  (AljOg) 244  4.2 

Sodium  sulphate  (Na,  SO  J 004  l.l 

Potassium  chloride  (K  CI) 

Sodium  chloride  (Na  (1) 858  14.8 

Magnesium  sulphate 4. 762  82. 1 

Calcium  sulphate 5.562  95.9 

Free  Carbon  dioxide 1.026  17.7 

Oxyjren  replacing  Chlorine .128  2.2 

Total 22.047  378.4 

Analyst  and  authority.  Prof.  .1.  B.  Weems.  Ph.  D. 

MINEKAL  ANALYSIS  NO.  2. 

Silica  (Si  C)j) 847  14.6 

Alumina  (Alj  O3) 580  10. 

Ferric  oxide  (Fcj  O3) 

Lime(CaO) 4.466  77. 

Magnesia  (Mg  O)   J. 131  19.5 

Potash  (K2  O) 

Soda(Na,  O)  6.009  103.6 

Chlorine  (01) 4.640  80. 

Sulphur  trioxide  (S  O3) 7.807  134.6 

Carl>on  dioxide  (C  O^) 5.863  101.1 

Water  in  combination  (11  j  O). 754  13. 

Total 32.097  553.4 

UNITED  AS  FOLLOWS. 

Calcium  bicarbonate  (Ca  H2(C03)j) 6.751  116.4 

Calcium  sulphate 5.179  89.3 

Magnesium  sulphate 3.376  58.2 

Sodium  sulphate  (Na^  SOJ 4.454  76.8 

Sodium  chloride  (Na  CI) 7.656  132. 

Silica  (Si  Oj)     847  14.6 

Alumina  (Al,  O3) 580  10. 

Free  Carbon  dioxide 2.204  38. 

Oxygen  replaced  by  Chlorine 1.06  18.1 

Total 32.097  553.4 

Analyst  and  authority,  Prof.  .7.  B.  Weem?,  Ph.  D.,  Ames,  Iowa. 
Depth  of  well  1.870  feet. 
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RECORD  OF  STRATA. 

The  geological  section  obtained  from  the  deep  well  at 
Manchester  is  one  of  the  reliable  sections  of  the  state.  From 
the  beginning  of  the  boring,  samples  were  saved  according 
to  specific  instructions,  and  at  such  short  intervals  that  no 
change  in  the  strata  could  escape  notice.  The  thickness 
assigned  to  each  stratum  is  certain  within  narrow  limits  of 
error. 

THICKNESS.         DEPTH. 

45.     Dolomite,  butT,  six  samples 140  140 

44.     Dolomite,  blue-gray,  hijifhly  cherty,  six 

samples ()0  2(X) 

43.     Dolomite,   blue-g-ray,   cherty,   pyritifer- 

ous ,  si igh tly  arjif il laeeous 25  225 

42.     Shale,   blue  and  /^ray-jj^reen  and  drab, 

eig-hteen  samples 145  .'HO 

41.  Magnesian  limestone  or  dolomite,  dark 
drab  subcrystalline.  somewhat  argilla- 
ceous, in  flakes,  two  samples 14  384 

40.  Shale,  blue  and  gray-green,  seven  sam- 
ples       ...     4()  4:^0 

39.  Limestone,  magnesian,  dark  drab,  argil- 
laceous      10  440 

38.  Limestone,  light  gray,  earthy  lustre, 
briskly  efifervescent  in  cold  dilut<j  HC'l, 
sixteen  samples 10(>  54H 

37.  Dolomite,  light  yellow-gray,  subcrystal- 
line. stiiined  with  ferric  oxide  in  mi- 
nute, rounded  spot«,  with  much  of  the 
superior  limestone  in  small  fragment*;     10  55*5 

3H.  Limestone,  light  and  darker  blue-gray, 
usually  rather  soft,  earthy  lustre,  in 
flakes  and  chijw,  twenty  samples  142  H98 

35.  Shale,  bright  green,  fossiliferous,  Orthis 
pervctaj  Conrad^  Stropbomena  trenton- 
ensiSf  W.  andS.y  and  brjozoa 5  703 

34.     Limestone,  light  blue-gray,  fossiliferous      ti  711 

33.  Limestone,  light  blue-gray,  earthy-crys- 
talline, eleven  samples 66  777 

32.     Shale,  green,  somewhat  calcareous 7  784 

31.  Sandstone,  usual  facies  of  Saint  I'eter, 
with  small  chips  of  limestone,  in  which 
no  imbedded  grains  are  noticed 3  787 

30.     Sandstone,    as    above,    but    free    from 

admixture,  four  samples 30  817 
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TBICK1IK88.  DEPTH. 

2!).  Dolomite,  bufif  and  gray,  in  angular  sand; 
most  of  drillings  of  quartz  sand,  prob- 
ably from  alK)ve,  three  samples 18  835 

28.     Dolomite,  light  gray 42  877 

27.     Dolomite,  slightly  arenaceous     5  892 

2().  Dolomite,  highly  arenaceous,  grains 
rounded  and  some  enlarged   by  crys- 

t  alline  facets,  two  samples 11  893 

25.     Dolomite,  gray,  arenaceous,  with  some 

light  drab  shale (>  899 

24.     Dolomite,  arenaceous,  with  some  highly 

arenaceous  shale,  two  samples 19  918 

23.     Sandstone,  calciferous 3  921 

22.  Dolomite,  gray,  arenaceous,  with  argil- 
laceous powder 10  931 

21.     Dolomite,  gray,  eight  samples 54  985 

20.     Dolomite,  light  gray,  arenaceous,  three 

samples 24  1.009 

19.     Dolomite,   gray,  arenaceous  from   1,100 

to  1,U)3,  twenty-seven  samples 170  1,179 

18.     Dolomite,  arenaceous,  gray 5  1,184 

17.  Dolomite,  highly  arenaceous,  or  sand- 
stone calciferous,  four  samples  22  1,206 

It).  Sandstone,  white,  grains  rounded  and 
ground,  with  considerable  diveraity  in 

size,  seven  samples 50  l,2oH 

15.     Shale,  highly  arenaceous  and  calcareous      4  1.260 

14.     Sandstone,  as  No.  3,  live  samples 36  1.296 

13.     Dolomite,  gray,  with  some  sand,  prol>- 

ably  from  alx)ve     20  1,316 

12.  Sand*«tone,  calciferous,  or  highly  aren- 
aceous dolomite 15  1,331 

11.     Dolomite,  light  yellow-gray 5  1,336 

10.     Dolomite,  gray,  in  fine  sand  mixed  with 

considerable  quartz  sand,  two  samples    10  1,346 

9.     Dolomite,    light    gray,   in  clean  chips, 

with  a  little  sand  from  above 10  1,356 

8.     Dolomite,  as  No.  10,  two  samples 16  1,372 

7.  Shale,  highly  arenaceous  and  calcareous, 
in  fine  green-gray  i)owder,  six  samples. 
All  these  samples  consist  of  a  pulveru- 
lent powder,  seen  imder  the  microscope 
to  be  composed  of  minute  angular  par- 
ticles of  quartz,  dolomite  and  chert, 
with  much  argillaceous  material:  all 
might  be  termed  with  alx)ut  equal  pro- 
priety argillo-ca^careous  sandstone  ---  153  1,525 
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THICKNESS.  DEPTH. 

6.     Sandstone,  tine-brained,  in  tfreenish-yel- 

low  iK)wdiL>r,  ar^ilUieeous  - 13  ]  ,538 

5.     Sandstone,  white,  grrains  fine  and  rounded    22  l,5fK) 

4.     Sandstone,   with  greenish    arg-illaeeous 

material  mixed  with  drillings 13  1,573 

3.     Sandstone,  fine  lijfht  buff,  from  ferrug"in- 

ous  stain 6  l,5Ti> 

2.     Sandstone,  fine 19  1,598 

1.     Sandstone,  coarser,  uniform  of  fi:''fl'iJ^»  oi 
limpid  quartz,  g-rains  rounded,  smooth 

surfaced 13  1,611 

0.     Sandstone,  white 79  1,690 

00.     Sandstone,  yellow,  glauconiferous,   said 

to  Ihj  argillaceous 25  1,715 

000.     Shale,  light  blue,  arenaceous,  calcare- 
ous, somewhat  glaucon  if  erous 155  1,870 

.SUMMARY. 

FORMATION.                             THICKNESS.             DEPTH.  A.  T. 

43-45.     Niagara 225                 225  701 

40-42.     Maquoketa 205                 430  496 

32-39.     Galena-Trenton 354                  784  142 

30-31.     Saint  Peter 33                 817  109 

27-29.     Upper  Oneota 65                 882  44 

22-26.     New  Richmond 49                 431  -    5 

17-21.     Lower  Oneota 275              1,206  -280 

14-16.     Jordan 90               1,296  -370 

7-13.     Saint  Lawrence 229              1,525  -599 

000-  6.     Basal     sandstone,    pene- 
trated   345              1,870  -944 

XV  in.       ACKLEY.* 

RECORD  OF  STRATA— SUMMARY. 

THICKNESS.           DEPTH.  A.  T. 

Pleistoc^eue 100               100  1,010 

Des  Moines 207               307  803 

Lime  Creek 28               335  775 

Devonian  unclassified 300               635  475 

Niagrara 180               815  295 

Maquoketa 160               975  135 

Galena-Trenton 385            1,360  -250 

*Thl8  well  was  reported  to  the  author  several  years  ago  by  Mr.  J.  A.  Oarton,  now  of  Brltt. 
Iowa.  Repeated  requests  for  additional  information  since  made  to  ofBcials  and  citizens  of 
the  town  have  received  no  attention.  Mr.  Uarton  contributed  also  a  fine  set  of  over  eighty 
samples  of  drilllnffs,  supplving  one  of  the  most  satisfactory  of  the  well  sections  In  the  state. 
A  detailed  description  of  tnese  by  the  author  Is  published  in  vol.  Ill,  pp.  180-192  of  the  reports 
of  the  present  Survey. 
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THICK  KBSS.         DEPTH  A.  T. 

Saint  IMer 85  .445  -335 

TpiK^r  Oiiei)ta 120  1.465  -455 

Now  Hichmond  70  !.«;»  -525 

Unvor  Oneota 185  1.820  -710 

.lordaii 210  2.0:i0  -»20 

XIX.       WEBSTKU   C  ITY." 

Owner Gas  Well  Co. 

EK»pth 1.250  feel. 

Oiameter 8  inches-6  inches. 

Elevationof  ciirV>  A.  T 1.04S  feett 

Head  of  water  A.  T 1,064  feet^ 

Oateof  lH»}Tinninj;r    February  3.  18AS. 

Oaie  of  tHmipletion June  28,  1888. 

The  til's!  flow  from  this  well  was  obtained  at  the  depth  of 
i>7o  feet,  and  its  head  was  six  feet  above  the  curb.  The  source 
of  the  present  flow,  heading  sixteen  feet  above  the  curb,  is  at 
about  l,2lH>  feet.  The  disehar«re  was  ori«rinallv  about  seventv 
giillons  a  minute.  It  has  since  diminished,  owing  presumably 
to  neglect,  but  is  still  strong.  The  water  has  both  the  odor 
and  taste  of  sulphur,  and  so  i-apidly  corr6des  iron  that  the 
best  galvanized  pipe  withstands  its  constant  flow  but  about 
two  years.      For  these  reasons  it  is  only  used  in  a  public 

waterinir  troufifh.     The  well  is  cased  to  or  near  the  bottom. 

«  »■ 

ANALYSIS. 

<  ill  A  IKS  rCK  PARTS  PKB 

U.  S.  (iAl.L«>5.  MILl-IOS. 

Siliv-a   SiO,     l.viv  32.571 

A'.umina   Al*  Oj       .-. Trace  Trace 

Ferric  oxide   Fe,  O,    Tnice  Trace 

Lime   la  O 14.2^5  24«,2>6 

Mairnesia    M^  O 2.5^*.3  44.714 

IViAsh   K,  O    

Sixia   Xa,  O    >.75*l  151.571 

ihlorine    CI 55^  10.2^6 

Sv.:phur  :r:oxide   >  O,    24.>v0  42^.143 

rarU^r.  iMoxide  <'v^,   12.354  213,w.X» 

Water  in  ct^n-/t»:r.a::on   Hj  O ^.-im  43.i>.» 

*  Report dd  br  Mr.  I..  A.  M&cMarraj.  who  sent  ihe  ftan2p:es  of  the  drilling  here  d«Knt«d. 
-  Approsimftielj. 
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UNITED  AS  FOLLOWS. 

GRAINS  PKR 
U.  S.  GALLON. 

Calcium  bicarbonate  (Ca  H,  COa),) 22.529 

Calcium  carbonate  (Ca  CO3 ) 266 

Ferrous  bicarbonate  (Fe  Hj  COg),) Trace 

Calcium  sulphate  (Ca  SOJ 15.404 

Magnesium  sulphate  (Mg  SO^) 7.747 

Sodium  sulphate  (Naj  SOJ 18,891 

Sodium  chloride  (NaCl) 991 

Alumina  (Al 2  Og) Trace 

Silica  (Si  O,) 1  889 

Oxygen  replaced  by  chlorine .084 

Solids 67.893 

Analyst,  Prof.  .T.  B.  AVoeras.     Date,  July  9, 1896. 

RECORD  OF  STRATA. 

TBICKNXS8. 

20.     "From  surface  to  rock,  180  feet,  soil, 

clay,  sand,  thin  layers  of  rock,  etc."..  180 

19.  Sandstone,  gray,  of  quartz  of  various 
colors,  yellow,  pink  and  black,  grains 
imperfectly  rounded;  mingled  with 
the  sand  is  a  large  quantity  of  light 
yellow  limestone 20 

18.     Limestone,  light  gray,  soft,  earthy,  in 

flaky  chips,  fossil  if  erous 150 

17.     Shale,  blue 10 

16.     Limestone,    dark     drab,    mottled    with 

white  ca'cite,  crystalline 100 

15.  Limestone,  magnesian.  hard  brown,  crys- 
talline      40 

14.     Shale,  calcareous,   dark  gray,  siliceous 

with  microscopic  particles  of  quartz..     20 

13.     Dolomite,  or  magnesian  limestone,  dark 

brown,  compact  crystalline 30 

12.     Limestone,  dark  blue-gray,  crystiilline, 

effervescence  slow 45 

11.  Limestone,  light  yellow-gray,  soft,  crys- 
talline, efferve^scence  slow 55 

10.     Dolomite,   or    magnesian   limestone,   as 

No.  13 30 

9.     l-iimestone.  light  gray,  saccharoidal 95 

8.     Limestone,  close-grained,  no  samples —     45 
7.     Limestone,  brown,  crystalline 60 


PARTS  PKR 
MILLION. 

388.428 

4.571 

Trace 

67.143 

133  573 

325.714 

17.143 

Trace 

32.57 1 

1.428 

1,170.571 
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THICKNESS.  DEPTH. 

r>.     Limestone,  or  shale,  highly  argillaceous, 

blue-gray 120  1,000 

.").     Shale,  drab,  ealeareous 75  1,075    . 

4.  Limestone,  magnesian,  brown,  crystal- 

line      15  1,090 

'A.     Limestone,   in   pure,  white    crystalline 

sand 40  1,130 

2.     "  Limestone  (V).  imre  white,"  no  sample  120  1,250 

1.     Limestone,  light  butT,  in  fine  sand  at...  1,250 

SUMMARY. 

This  section  is  a  difficult  one  to  interpret  with  the  data  at 
hand,  and  the  following  assignments  are  made  more  for  gen- 
eral stratigraphieal  reasons  than  because  of  any  direct  evi- 
dence carried  by  the  drillings  themselves. 

THICKNESS.  DEPTH  A.  T. 

19-20.  Alluvium,  Drift  and  Coal  Measures..  200  848 

17  1«.     Mississippian 1»>0  (K)8 

7-l<>.     Devonian  and  Xiag-ara 520  1<)8 

5,  (HV)   Maijuoketa ]li5  -  27 

1-4.     Galena-Trenton  penetrated 175  -202 

XX.       HOLSTKIN." 

Owner Town. 

Klevation  of  eurb,  A.  T 1,457  feet. 

Depth  (Au«rust,  18%) 1.853  feet. 

Head  of  water  (Autrust,  18U6) 1,132  fc'et  A.  T. 

Driller J.  P.  Miller  &  Co. 

This  well  is  still  unfinished  at  the  date  of  writing,  August 
1,  189G.  Eight-inch  casing  extends  to  a  depth  of  387  feet, 
five-inch  to  722  feet,  and  four-inch  to  1,465  feet.  Water  was 
found  between  400  and  500  feet  from  the  surface.  No  further 
record  seems  to  have  been  kept  of  where  water  was  struck, 
and  the  accounts  given  vary.  One  informant  states  that  the 
water,  which  since  V)00  feet  had  stood  at  3B5  feet  from  the 

*When  this  well  was  bf  gun,  the  ofBciuls  of  the  town  and  the  foreman  of  the  well  were 
notified  of  the  very  great  importance  of  Iceeping  a  full  and  accurate  record,  and  of  taking 
samples  of  the  drillings  at  intervals  of  not  over  t^n  feet  and  at  every  chanuct  In  the  rocks. 
From  its  position,  a  good  geological  section  at  Holst-ein  would  go  far  toward  solving  the  prob- 
lems of  the  deeper  geological  formations  in  northwestern  Iowa.  These  instructions  were  at 
first  followed,  but.  after  some  months,  correspondence  Indicated  that  due  attention  was  not 
being  given  to  the  matter,  and  a  personal  visit  was  made  to  the  town.  The  well  had  then 
reached  its  present  depth,  where  it  has  stopped  for  several  months,  owing  to  a  fastened  drill. 
It  was  then  discovered  that,  when  the  Wf  11  had  reached  a  depth  of  9C0  feet,  the  foremun,  who 
had  carefully  saved  the  orlllings,  had  been  transferred  t^i  another  well.  As  the  supply 
received  no  instructions  from  the  town  oflSclals,  he  threw  out  the  samples  already  taken  and 
saved  no  more. 
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surface,  rose  to  325  feet  when  the  Saint  Peter  was  struck. 
At  1,500  feet  the  well  was  tested,  and  under  a  discharge  of 
seventy- five  gallons  a  minute  for  twenty-six  houre  the  water 
did  not  lower.  Drilling  was  continued,  not  so  much  because 
the  supply  was  inadequate,  as  on  account  of  the  long  raise  to 
the  surface.     Xo  flow  has  been  reached  so  far  which  clears 


the  hole  of  drillings. 
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THICKNEfiS.         DEPTH. 

15.     »*('lay**    ...     .   390  390 

14.     "Qiiirksand,"  coarse 60  440 

13.     -'Shale'- 2*50  700 

12.     -Uniestone" 50  750 

11.     '•  Shale" 50  800 

10.     ••Limostone" 80  8«0 

9.     irnkiiown.  liiiH'stoiie  (?) 20  ?K)0 

8.     Dolomite,  ^ray,  with  miioh  wliite  chert, 

and  some  rounded,  moderately  coarse 

^Trains  of  quartz 100  1.000 

7.     Unkm)wn.  limestone  (V)   .    .  100  1,100 

6.     r^ime,'<t<)ne,ma;4-nesian, or  dolomite, brown. 

with  about  two  feet  of  red  sliale  at  1.300 

feet,    which   is  non-cah.'art'ous,   highly 

arenaceous,   with    coarse,  im])erfectly 

rounded  grains  (►f  limpid  quartz    300  1.400 

5.     Unknown,  limestone  (':') 15  1,410 

4.     Shale,  liard.  dark  g-rcen-L^ray.  slaty,  non- 

cah'areous 10  1,425 

:\.     rnknown,  limestone  (V)   20  1,445 

2.     SandsUme.  dt»scribed  ])V  driller  as  white. 

clean,     vei\v    soft,    cavinjr    sand     and 

termed  by  him  Saint  Peter 65  ',5(H) 

1.     Limestone  (?).  arenace<jus.    Described  by 

driller  as  a  "sandy  rock  which  wears  the 

drill."     Sand  i^'-rains  are  brou^'-ht  uj)  in 

the  slush  bucket, 'While  the  rest  of  the 

drillin^r^  ii^  very  li^ht  and  lloat^s  up  in 

the  water.     Drills  al>out  one  foot  per 

hour,  does  not  cave;  to  present  depth 

ofwell  - 83  l,5ft3 

SUMMARY. 

.  It  should  be  remembered  that  this  section  is  constructed 
out  of  only  a  driller's  record  to  880  feet,  and  four  samples  and 
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a  foreman's  notes  and  recollections  below  that  point.  The 
numbers  marked  "  unknown  "  are  assumed  to  be  limestone  on 
the  authority  of  the  foreman,  whose  notes  show  that  they  are 
neither  caving  shale  nor  sandstone. 

NO.  FORMATION.  THICKNU8.  A   T. 

15.  Pleistocene  (and  Cretaceoua  clays)  .-.  390  1,067 

14.  Dakota 50  1,017 

13.  Des  Moines 260  757 

12.  Mississippian 50  707 

11.  Kinderkook  (?) 50  657 

3-10,  Devonian,  Silurian  and  Galena-Trenton  645  12 

2.  SaintPeter 65  -43 

1.  Oneota  penetrated 83  -126 

XXI.      SIOUX  CITY.* 

Owner Sioux  City  WatBr  Co. 

Depth 2,011  feet. 

Elevation  of  curb — - 1,125  feet. 

Head  of  water 1,125  A.  T.J 

Temperature 70°  Fahr. 

This  well  was  drilled  by  Marrs  &  Miller  of  Chicago,  from 
October  19,  1881,  to  October  16,  1882.  To  the  depth  of  1,270 
feet  the  bore  is  6  inches,  and  a  6-inch  casing  extends  to 
444  feet;  230  feet  of  4-inch  casing  is  also  used  in  the  well, 
but  its  place  is  not  stated.  Water  was  found  in  Pleistocene 
gravels  at  65  feet.  At  120  feet  the  yield  was  250  gallons 
per  minute.  At  570  feet  another  vein  was  struck  whose 
head  was  12  feet  below  the  curb  or  1,113  A.  T.  At  1,250 
feet,  according  to  Todd,  water  rose  strongly  to  the  surface 
with  a  discharge  of  three  gallons  to  the  minute.  This  was 
from  sandstone  immediately  overlying  the  Algonkian.  At 
1,480  feet,  in  crystalline  rock,  a  water  vein  was  found,  but 
none  other  during  the  continuation  of  the  boring.  When  the 
well  was  finished  the  discharge  was  six  gallons  a  minute,  but, 
owing  probably  to  clogging  of  the  bore,  the  water  has  since 
fallen  below  the  surface. 

*  In  securing  the  facts  as  to  the  well  at  Sioux  Olty.  we  are  especially  indebted  to  the  cor- 
dial help  of  Mr.  D.  A.  Magee,  Judge  O.  W.  Wakefield,  Sheriff  W.  O.  Davenport  and  Messrs.  E. 
A.  D.  Parker  and  J.  H.  Charles. 

t  Approximately. 
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The  well  is  the  property  of  a  private  company  and  the 
water  is  sold  mostly  in  Sioux  City,  where  the  market  rate  is 
5  cents  per  gallon  delivered.  The  company  are  now  erecting 
a  building  for  the  manufacture  of  ice,  and  the  water  of  the 
well  will  soon  be  utilized  for  this  purpose  also. 

ANALYSIS  NO.   1. 

(JBAINS  PER 

GALLON. 

Calcium  carlx)nate 6.654 

Magnesium  carbonate ..- 5.527 

Ferrous  carbonate 3.797 

Aluminum  sulphate 22.173 

Magnesium  sulphate ' 10.037 

Nickel  sulphate - 1.141 

Calcium  sulphate   - 6.839 

Sodium  sulphate 3.751 

Potassium  sulphate 2.115 

Persulphate  of  iron 13.402 

Silica  ^'soluble*' 1.898 

Sodium  phosphate 1.667 

Organic  matter .-. 864 

Total  per  gallon 79.865 

Analyst,  Juan  H.  Wright,  M.  D.,  St.  Louis.  Date,  May  31,  1893.  Authority, 
circulars  of  company. 

The  above  analysis  presents  some  anomalous  features  which 
even  the  great  depth  of  the  well  in  crj^stalline  rocks  does  not 
seem  to  account  for.  The  following  official  analysis  was 
made,  which  shows  the  medicinal  nature  of  this  strong  min- 
eral water. 

ANALYSIS  NO.  2. 

GRAINS  PEK  PA  UTS  PER 

r.  8.  GALLON.  MILLION. 

Silica  (Si  O,) 953  16.428 

Alumina  (Al,  O3) 638  11.000 

Ferric  oxide  (Fcj  O3) 

Lime  (Ca  O) 18.361  316.571 

Magnesia  (Mg  ()) 6.993  120.571 

Potash  (Kj  O) 

Soda  (Xaj  O) 17.367  299.428 

Chlorine  {V\) 4.SS0  84.143 

Sulphur  trioxide  (S  O^) 41.528  716.000 

Carbon  dioxide  (C  O,) «.501  146.571 

Water  in  combination  (H,  O) 

20  U.  Rep. 
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UNITED  AS  follows: 

GRAINS  I*ER  PARTS  PER 

U.  8.  OALIiON.  MILLION. 

Calcium  carbonate  (Ca  CO3) 19.322  333.143 

Calcium  sulphate  (CaSOJ 1S.328  316.000 

Magnesium  sulphate  (Mg  SO^) 20.880  360.000 

Sodium  sulphate  (Nhj  SO  J 30.011  517.429 

Sodium  chloride  (Na  CI) 8.037  i:i8571 

Alumina  ( Alj  O3J  and  Ferric  oxide 6:W  11.000 

Silica  (SI  O2) .953  16.428 

Oxygen  replaced  by  chlorine 1.052  18.141 

Solids 99  221  1,710.712 

Sample  was  murky   -filtered  l>efore  analysis. 
Analyst,  Prof.  J.  B.  Weems.     Date,  July  8,  1896. 

GEOLOGICAL  SECTION. 

The  following  log  is  furnished  by  Mr.  David  A.  Magee. 

34.     Soil  and  clay 60  60 

33.     Gravel 25  85 

32.     Shale 54  139 

31.     Sand,  white 2  141 

30.    Sandstone,  brown 34  175 

29      Sandstone,  white 100  275 

28 155  430 

27.     Sandstone,  gray 110  640 

26.    Sand  and  limestone 30  570 

26.     Limestone  gray 60  620 

24.     Sand  and  limestone 35  655 

23.     Limestone,  white 100  755 

22;     Sandstone,  light  colored.- 30  785 

21.     Limestone,  gray 20  805 

20.     Shale  rock 98  903 

19.     Limestone 10  913 

18.     Shale  rock 12  925 

17.     Limestone 10  935 

16.    Shale  rock 5  940 

15.     Limestone -.      6  945 

14.     Shale,  sandy 35  980 

13.     50  1,030 

12      Limestone 70  1,100 

11.     Shale  rock 60-  1,160 

10.     Shale  and  limestone 30  1,190 

9.     Limestone,  gray 60  1,250 

8.     Marl,  red  with  sand 5  1,256 

7.     Sandstone,  porous,  baint  Peter 15  1,270 
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6.     Sand  and  marl 25  1,295 

5.     Marl,  sandy 20  1,315 

4.    Sandstone,  micaoeous,  very  hard,  crov- 

iee  giving  waWr - 165  1,4S0 

3.     Sandstone,  brown,  mi^'acoous.  and  lime 

very  hard 3^0  1,8H0 

2.     Limestone,  light  colored .      5  1,X65 

1.     Sandstone  and  lime,  very  haiil 14H  2,011 

Soon  after  the  well  was  bored,  Todd  examined  the  drillings, 
which  had  been  carefully  preserved  by  Mr.  Map^ee,  and  from 
them  and  from  notes  kept  l\y  the  foreman  he  made  the  sec- 
tion published  in  the  proceedings  of  the  Iowa  Academy  of 
Sciences,  vol.  I,  part  TI,  p.  14.  In  this  section  the  following 
corrections  and  interpretations  are  made. 

No.  32.     Shale.  IJenUm,  54  feet,  from  90  to  144  feet. 

No.  28  in  part,  Nos.  21>,  30,  31.  Sand  and  sandstone,  DakoUt,  101  feet,  from  144 
to  335  feet. 

No.  28  in  part.     *•  Chalk  roek  "  100  feet,  from  335  to  435  feet. 

No.  27.     Limt\stone,  gray,  IIO  feet,  435  to  545  feet. 

No  4.  "Hard  mitraecjous  limestone  and  compressed  sandstone,''  lOO  feet,  1,320 
to  1,510  feet. 

Nos.  1",  2,  and  3  in  jiart.  (iranite  or  gneiss,  hard,  gray — a  live-foot  layer  of 
white  limestone  at  1.860  feet     550  feet,  from  1,525  to  2,075  feet. 

In  a  note  dated  May  12,  1890,  Professor  Todd"  places  the 
base  of  the  Paleozoic  at  l,.")!.")  feet,+  at  the  summit  of  the  gray 
granite. 

A  section  of  this  well  has  also  been  published  by  Bain, 
which  is  based  upon  the  notes  and  drillings  of  Mr.  Magee, 
and  which  differs  in  a  few  particulars  from  that  of  Todd. 

The  "chalk  rock/'  from  »W4  to  434  feet,  is  termed  white 
sandstone,  and  all  below  1,525  feet  is  designated  as  micaceous 
schist.  Five  hundred  and  forty  feet  is  suggested  as  the  lower 
limit  of  the  Cretaceous. 

The  "  hard  brown  rock,"  from  1,510  to  1,225  feet,  is  referred 
to  the  pre-Paleozoic,  together  with  the  basal  schist.  Of  the 
strata  between  this  horizon  and  the  base  of  the  Cretaceous, 
Bain  says:     ''The  well  diggings  at  Sioux  City  and  Le  Mars 

*  American  Gcv^loKist.  vol.  XV.  p.  61.    MlncoiipoUs.  1895. 
+Iowa  GcK)loglcal  Survey,  vol.  V.  p  258. 


228  ARTESIAN  WELLS  OF  IOWA. 

show,  between  this  underljung  pre-Paleozoie  complex  and 
the  Cretaceous  beds,  the  presence  of  a  series  of  limestones 
which  have  been  usually  referred  to  the  Carboniferous. 
Such  a  series  is  usuallj^  found  in  wells  drilled  throughout  the 
region.  Whether  these  beds  represent  the  Mississippian  or 
some  later  portion  of  the  Carboniferous  cannot  be  definitely 
stated.  It  is  even  probable  that  they,  in  part,  represent  still 
earlier  beds  of  the  Paleozoic. ' ' 

In  order  to  obtain,  if  possible,  some  clue  to  the  age  of  the 
strata  left  undetermined,  the  drillings  were  examined  with 
the  following  results. 

RECORD  OF  STRATA. 

DEPTH. 

16.     Sandstone,  light  yellow,  of  fraginental  quartz  grains    210 

15.  Dolomite,  light  yellow-gray,  samples  contain  also 
much  fissile,  green  shale,  in  rounded  lumps  and 
some  quartz  sand,  both  probably  from  above 530 

14.  Sandstone,  and  limestone,  drillings  consist  mostly  of 
quartz  sand,  grains  of  moderate  size,  imperfectly 
roimded.  There  are  also  considerable  limestone, 
light  yellow  gray,  in  small  fragments,  chii:s  of 
hard  crystalline  gray  dolomite,  and  shale  as  at  530. .    540 

13.     Dolomite,  gray,  in  sand,  drillings  largely  chert 645 

12.    Dolomite,    light    buff,    in    sand,    drillings    chiefly 

white,  pyritiferous  chert ..--— 780 

11.  Sandstone,  bluish-gray,  argillaceous,  pyritiferous, 
slightly  calcareous,  grains  microscopically  tine, 
subangular  . .-— - 840  and    855 

10.     Sandstone,  white,  some  grains  rounde<l  and  iK)lished, 

but  mostly  broken - 970 

9.  Dolomite,  highly  arenaceous,  imbedded  grains 
rounded,  pyritiferous  and  glauconifcrous,  pyrite  in 
minute  nodules ----- 1,000 

8.     Sandstone,  calciferous,  i)yritiferous,  glauooniferous..  1,010 

7.     Sandstone,  light  gray,  grains  minute,  not  rounded  -.1,030 

6.     Sandstone,   gray,   calciferous,  with  many    rounded 

grains . — — 1,035 

5.     Sandstone,     medium   dark    blue-gray,    calciferous, 

grains  minute,  glauconiferous 1,070 

4.  Sandstone,  highly  calciferous.  gray,  grains  are 
minutt.'  angular  particles  of  quartz,  highly  glauco- 
nifcrous. with  considerable  green  shale _..  1,160 
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DVPTII. 

3.  Schist  or  j»iiei«s,  soft,  tine  j^rained.  Hpeckled  with 
white  and  dark  ^reon-^ray:  so  friable  that  a  micro- 
section  could  not  be  obtained.  When  pulverized 
it  is  seen  to  be  comixwed  of  quartz  and  a  lamellated 
dark  jrreen  mineral  whose  flakes  are  ])ra(^tioally 
isotro])ic  in  parallel  j)olarized  li^ht.  found  to  be 
chloritti  bv  Dr.  S.W. Bever.to  whom  it  was  referred .  1 ,260 

2.  Schist  or  /Lfneiss.  contains  quartz,  feldspar  wliite  and 
l>iuk:  black  ferro-majGrnesian  mica,  and  a  translu- 
cent a])ple  ^'•reen  mineral,  probably  chlorite,  1,320 
and 1,350 

1.  Schists  or  gneisses,  {^ray,  brown  and  black,  mica- 
ceous usually  with  biotite.  often  hornblendic, 
thirty-two  samples.  At  1, StJO- 1,865,  samples  com- 
jMwed  chicMy  of  feldspar  and  quartz 1,727-2,(XK> 

SUMMARY. 

Upon  the  whole  the  most  probable  distribution  of  strata 
seems  to  the  writer  to  be  the  following: 

FORMATION.  THICKNESS.  DBPTII.  A.  T. 

Pleistoc'eue 85  85  1,040 

CreUiceous 249  \V^\  791 

Mississippiau. 101  4:{5  690 

Devonian  and  Silurian 370  805  320 

Ordovit^ian  and  Cambrian 455  1,200  -135 

Aljronkian 751  2.011  885 

The  base  of  the  Cambrian,  at  13*5  feet  below  sea  level,  may 
be  considered  as  certain.  Most,  if  not  all,  of  the  strata 
between  this  level  and  320  feet  A.  T.  are  evidently  Saint 
Croix.  The  lithological  similarity  with  strata  of  this  terrane 
elsewhere,  which  amounts  to  identity  in  several  samples, 
and  the  assemblage  of  the  entire  group  of  shales,  calciferous 
sandstones  and  arenaceous  limestones,  agree  with  the  posi- 
tion of  the  group  in  refei'ring  it  to  this,  the  earliest,  Paleozoic 
formation  laid  down  upon  the  crystalline  rocks.  The  cherty 
dolomites  from  805  feet  to  540  feet  (320  A.  T.  to  585  A.  T.), 
are  unmistakably  l^aleozoic,  and  the  suggestion  of  Bain  that 
they  may  be  pre-Carboniferous  is  correct  without  much  ques- 
tion. Probably  they  are  largely  Trenton,  but  it  is  entirely 
possible  as  will  be  seen  by  inspection  of  Plate  XI  that  the 


230  ARTESIAN   WELLS  OF  IOWA. 

water-bearing  sandstone  at  570  feet  (555  A.  T.)  is  the  same  as 
the  water-bearing  sandstone  at  Holstein  at  12  A.  T.  and  in 
this  case  the  dolomite  beneath  represents  the  Oneota.  It  is 
only  for  stratigraphical  reasons,  and  these  of  not  very  great 
weight,  that  the  "ehalkrock"  at  J534  feet  is  placed  with  the 
Mississippian.  Lying  below  the  Dakota  sandstone,  it  cer- 
tainly cannot  be  Cretaceous  chalk. 

Wells  situated  xouth  of  the  McGregor-Fair  view  Section  and  north 

of  the  Dubuque' Siowv  City  Section. 

XXII.      WEST   BEND. 

Owner Town. 

Depth 381  feet. 

Diameter 6  inches  and  4^  inches. 

Elevation  of  curb 1,197  feet  A.  T.* 

Head  of  water L166  feet  A.  T  * 

This  well  was  drilled  in  April  hy  Mr.  C.  P.  Thomas,  of 
West  Rend,  who  preserved  the  samples  and  made  record 
under  instructions  from  the  Survey.     Water  was  found  from 

a.' 

290  to  381  feet.  The  discharge  is  twenty  gallons  a  minute,  at 
a  temperature  of  49  Fahr. ,  and  supplies  the  water  works  of 
the  village. 

ANALYSIS. 

<]RAIN8  PEB  PARTS  PEB 

U.  8.  UALI^ON.  MILLION. 

Silica  (SiOj) 348  6.0D0 

Alumina  (Al^  O3) 224  3.857 

Ferric  oxide  (Fej  Oj) 

Lime  (Ca  O) 14.127  243.572 

Ma^rnesia  (Mg  ()) 3.795  65.428 

Potash  (Kj  ()) 

Soda  (Xa,  O) 5.361  92.429 

Clilorine  (CD 331  5.714 

Sulphur  trioxide  (S  O3) 8.252  142.286 

Carbon  dioxide  (CO,) 20.590  355.000 

Water  in  combination  (H,  O) 2.676  46.143 

UNITED   AS  FOLLOWS. 

Calcium  bicarbonate  (Ca  H2(C03),)-..     12.710  219.143 

Calcium  carlwnate  (    a  CO,)  17.541  30^.428 

Mafrnesium  bicarlxmate  (Mg  H2(C03)7)     10.1 75  175.429 

•  Approximately. 


STKATIGHAPHICAL   RKCORD.  231 

GRAINS  PER  FARTS  PER 

U.  8.  GALLON.  MILLION. 

Magnebium  sulphate  {Mg  SOJ 2.196  37.857 

Sodium  sulphate  (Na,  SO,) 11.882  204.857 

Sodium  chloride  (Na  Cl) 547  9.429 

Alumina  (Al,  O3)  and  oxide  of  iron  ._.         .224  3.857 

SUica  (Si  Oj) 348  6.000 

Oxygen  replaced  by  chlorine 083  1.428 

Solids 55.706  960.428 

Analyst,  Prof.  J.  B.  Weems,  Ames,  loAva.     Date,  May  27,  1896. 

RECORD   OF  STRATA. 

THICKNESS.  DEPTH. 

18.     '-Soil"  5  5 

17.     '-Clay,  yellow" 16  21 

16.     '-Clay,  blue" 4  62 

15.     '•Sand  and  gravel" 1)  71 

14.     '"Clay,  blue;  and  hard  pan,  blue  " 23  94 

13.     "Sand  yellow" 112  206 

12.     "Marl,  red" 20  226 

11.     Chert,  white,  slightly  pyritiferous,  with 

some  line  green  clay _ 43  269 

10.  Sandstone,  in  f ragmen tis  of  limpid  quartz, 
with  considerable  chert,  and  some  blue- 
gray  limestone 23  292 

9.     Dolomite,  white,  somewhat  arenaceous..       6  298 

8.     LimesUme,  l)lue-gray _ 4  302 

7.     Dolomite,  or  magnesian  limestone,  blue 

crystalline 4  306 

6.     Dolomite,   crystalline,   light    blue-gray, 

blue-gray,  and  yellowish,  three  samples    25  331 

5.  Dolomite,  blue,  and  light  gray,  hard,  com- 
pact, finely  crystalline,  argillaceous, 
two  samples 8  339 

4.  Limestone,  varying  in  color  from  light 
yt-iUowish  to  dark-blue  gray,  often  mot- 
tled, in  thin  tlakes,  soft,  earthy  luster.     11  350 

3.  Limestone,  brown  and  butl",  soft  and 
argillaceous  at  350  feet,  crystalline  and 
cherty  below,  three  samples 12  332 

2.  Limestone,  magnesian,  gray,  hard,  com- 
pact, with  some  shale,  three  samples..     19  381 

1.     Shale,  blue,  at 381 
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SUMMARY. 
NO.  FORMATION.  THICK  NV88.  A.  T. 

14-18.  Recent  and  PleiBtocene 95  1,103 

13.  Cretaceous,  Dakota 112  991 

12.  Cretaceous 20  971 

2-11.  MissisHippian 155  816 

1.  Kinderhook,  or  Lime  creek,  summit  at  816 

Possibly  No.  14  should  be  added  to  the  Cretaceous.  Nos. 
12  to  18  are  the  driller's  record  without  samples. 

XXIII.      CHEROKEE. 

Nothing  is  known  of  this  boring  further  than  the  notes  pub- 
lished by  Todd  in  the  proceedings  of  the  Iowa  Academy  of 
Sciences,  for  1890  and  1891.  It  was  drilled  in  the  center  of 
the  town  and  failed  to  strike  artesian  water. 

RECORD  OF   STRATA. 

TUIGKNSS8.  DEPTH.  A.  T. 

Pleistocene  and  unknown 300  300  915 

Limestone,  li^ht  blue 400  700  515 

Shale,  blue,  or  soapstone 260  960  255 

XXIV.      LE   MARS. 

Depth   1,560 

Elevation  of  curb 1,275  A.  T. 

RECORD  OP  STRATA. 

THICKNESS.  DEPTH.  A.  T. 

12.     ''Soil-' 7  7 

n.     "Clay,  yellow- 13  20 

10.     "Clay,  blue" 44  64 

9.     "Sand    and    gravel,   hardened 

above  27  91  1,184 

8.     '  •  Soai)stone  and  slate  *  ■ 89  180  1 ,095 

7.     "Sandstone,    clays,    and   some 

lignites,      in      alternatiuf^ 

strata-' 138  318  957 

6.    "Sandstone  with  some  shale-.   147  465  810 

5.     Sandstone,  micaceous , of  broken 

grains,  non-calcareous,  at  ...  860 

4.     Sandstone,   as  above,   many 

grains  pink,  reddish  and  yel- 
low, at 960 

3.     Gneiss   (?)   constituents    ortho- 

clase,  quartz  and  muscovite; 

color  reddish  in  mass,  at 1,060  215 


:ne8S 

DEPTH. 

25 

25 

25 

50 

10 

60 

V,) 

79 

3i| 

83 
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THICKNB88.  DEPTH. 

2.    Gneiss  (?)  chiefly  feldspar  and 

mica,  at 1,325 

1.     Schist,    micaceous,     brown    in 

mass,  at 1,560 

No6.  1-5  are  determinations  of  drillings  by  the  writer;  all  other  statements  are 
taken  from  Todd     Proc.  la.  Acad.  Sci  ,  vol.  I.  pt.  II.  p.  14. 

The  following  is  an  unusually  detailed  record  of  the  well  at 
Le  Mars,  Tp.  92  N.,  R.  XLV  W.,  See.  15,  furnished  by  Mr.  C. 
R.  Woodard. 

TBI 

69.     Drift.. 

58.  Bluish-black  clay,  with  bituminous  mat- 
ter and  gyjwum         

57.     Bituminous  matter  and  gypsum 

56.  Soa]>stone  and  clay,  organic  matter,  col- 
ored by  iron  oxide  and  carl)onat<?  of 
lime  and  magnesia 

55.  Bed  roi^k,  very  hard,  ferruginous  sand- 
stone, slightly  calcareous 

54.  Calcareous  sandstone,  inm  oxide,  flrst 
seam  of  lignite,  one  inch;  also  sulphate 
of  magnesia 2A  85* 

53.  Arenaceous,  chalky,  and  calcareous  stone, 
with  marly  partings  (Containing  nearly 
pure  calcium  carbonate 

52.     Calcareous  marl 

51 .     Calcareous  fragments 

50.    Slate,  rotten,  bituminous,  calcareous 

49      Slate,  slightly  calcareous 

48.     Shale,  calcareous.   

47.     Slate,  rotten,  bituminous,  and  shale 

40.  Soa])st(me  and  slate 

45.     Shale,  calcareous _ 

44.     Shale,  calcareous  and  siliceous,  mineral- 

l>earing -. 

43.     Shale 

42.     Shale,  very  hard 

41.  Limestone,  in  bands,  hard,  bituminoas.. 
.  40.     Slate,  bituminous,  and  shale,  with  streaks 

of  coal  and  limestone --  4  162 

39.     Shale,  hard  slate  and  shale,  wind  veins 

bloAving  sand  out  of  top  of  well  at  175 

feet 13  175 

38.     Slate  and  shale,  with  limestone   bands 

and  openings - 4  179 
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37.     Conglomerate,  hard 2 

36.     Sandstone,  hard,  ferruginous,  calcareous, 

with  slate  streaks 6 

35.     Sandstone,  reddish-brown,  ferruginous ..  8 

31.  Rotten  siliceous  rooks,  slate  and  black- 

jack  ... 6 

33.     Slate  and  lire  clav.  with  streaks  of  hard 

coal . ..  4 

32.  Sandstone,    micaceous,   with  streaks  of 

line  clay 0 

31.     Fire  clay  and  slate 4 

30.     Sandstone,  hard,  micaceous 5 

29.     Slate,  bituminous 2 

28.     Upper  coal  basin 2* 

27.     Fire  clay  0  feet,  sandstone  1  foot H 

26.     Sandstone,  dark,  organic 5 

25.     Shale,  bituminous 'Sk 

24.     Coal li 

23.     Fire  clay,  line  coal 1 

22.     Soaps  tone  and  slate,  limestone  and  coal 

streaks 5 

2L     Shale,  arenaceous,  coal  in  streaks j 

20.     Hlackoxideof  iron  (magnetic)  hard,  solid  6 

19.     Same  with  soa])stone 6 

18.     (iy])sum  and  soajwtone 6 

17.     Soai>stone,  hard   ferruginous,  with  gyi>- 

sum 4^ 

16.     Coal  and  slate * 

15.     Slate  and  lire  elay.  pyrit^ 4^ 

14.     Soapstone 15 

13.     Chert     ^ 

J2.     Soapstone 6* 

11.     Slate,  bituminous,  with  pyrite 6 

10.     blate,  bituminous,  siliceous,  with  pyrite.  9 

9.    Slate,  line  grained,  with  pyrite    8 

8.     Sandstone,     brown,     ferruginous,     with 

streaks  of  coal  and  slate    11 

7.     Sandstone,     brown,     ferruginous     with 

heavy  si>ar 

0.  Shah?s,  (juartz  crystals 6 

5.     Shale,  ferruginous,  calcareous 10 

4.     Quartz  roi'k  and  spar 14 

3.     Sandstone,  ferruginous,  with  liuor  spar  .  6 

2.     Shales,  siliceous,  with  streaks  of  carlwn . .  6 

1.  Coal,  solid  vein 5 
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NOTES. 

Todd,  who  examined  the  records  and  drillings,  doubtfully 
referred  the  strata  from  64  feet  to  91  feet  to  the  Tertiary,  from 
91  feet  to  180  feet  to  the  Niobrara,  from  180  feet  to  318  feet 
to  the  Benton,  and  from  that  limit  to  465  feet  to  the  Dakota. 
Bain,  who  also  examined  the  drillinj^s  and  who  obtained  for 
us  the  Woodward  record,  and  whose  practical  acquaintance 
with  both  the  Cretaceous  and  Carboniferous  rocks  of  the  state 
is  large  and  intimate,  would  favor  the  reference  of  these 
strata  to  the  Cretaceous,  although  he  suggests  the  possibility 
of  an  outlier  of  the  Carboniferous  in  the  region.  Placing  the 
base  of  the  Cretaceous  at  810  A.  T.  agrees  very  well  with  the 
assignment  made  of  it  at  791  A.  T.  at  Sioux  City  and  837  A.  T. 
at  Sanborn.  The  floor  of  crystalline  rocks  was  unquestion- 
ably reached  at  1,060  feet,  or  215  A.  T.  The  sandstones  at  860 
and  9f50  feet  are,  with  little  doubt,  Cambrian. 

in.      THE   CLTNTON-DUNLAP   SECTION. 

The  synclinal  structure  so  strongly  marked  in  the  northern 
sections  is  here  well  nigh  obliterated  by  the  depression  of  the 
strata  of  the  western  limb.  The  eastern  monocline  extends 
to  the  Des  Moines  river.  From  Ogden  to  Jeiferson  there  is 
a  rise  of  seven  and  one-third  feet  to  the  mile,  as  measured 
along  the  summit  of  the  Saint  Peter,  which  at  Boone  is  -705 
A.  T.,  at  Ogden  722  A.  T.,  and  at  Jefferson  5fH)  A.  T.  From 
Jefferson  to  Dunlap  the  dip  seems  much  more  gentle.  If  the 
entire  Dunlap  section  lies  above  the  Saint  Peter,  or  if  that 
sandstone  occurs  at  the  base  of  the  Dunlap  section,  the  alti- 
tude of  the  Saint  Peter  cannot  be  higher  than  -4;^5  or  -417  A. 
T.  at  that  station.  Hut  it  is  possible  that  tlie  bright  green 
shale  at  194  A.  T.  at  Dunlap  is  the  basal  shale  of  the  Trenton 
and,  the  Saint  Peter  having  feathered  out,  the  underlying 
arenaceous  dolomites  belong  to  the  Oneota.  In  this  case  the 
dip  continues  west  of  Jeffei'son  at  about  the  same  rate  as  for 
a  few  miles  to  the  east  of  that  town.  From  the  latitude  of 
the  Dubuque-Sioux  City  section  the  southward  dip  of  the 
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strata  is  moderate.  From  Ackley  to  Marshalltown,  thirty- 
five  miles  south  and  six  miles  east,  the  summit  of  the  Maquo- 
keta  declines  335  feet,  about  ten  feet  to  the  mile  for  the 
southward    component.      From    Manchester  to  Tipton  the 

Saint  Peter  dips  south  at  the  rate  of  about  nine  feet  to  the 
mile. 
The  southwestern  dip  of    the   Saint   Peter  is  but  little 

greater.  From  Manchester  to  Grinnell  it  declines  814  feet, 
or  a  little  less  than  ten  feet  to  the  mile.  From  Ackley  to 
Boone  the  Saint  Peter  dips  southwest  at  about  eight  and  one- 
half  feet  to  the  mile,  but  from  Dubuque  to  Cedar  Rapids  the 
same  sandstone  falls  796  feet  in  sixty-two  miles,  or  about 
twelve  and  one-half  feet  to  the  mile. 

The  Ames  anticline  is  a  marked  stratigraphic  feature,  which 
at  that  station  lifts  the  Saint  Peter  about  300  feet  nearer  the 
surface  than  would  obtain  were  the  usual  monoclinal  dip  of 
the  strata  uninterrupted. 

The  relief  of  the  section  is  comparatively  moderate.  Follow- 
ing the  line  of  a  railway,  it  avoids  all  local  elevations.  Yet 
certain  contrasts  are  strongly  marked.  Such  is  the  high 
relief  of  the  Silurian  outcrop  from  Stanwood  to  Mount  Ver- 
non, due  not  only  to  its  position  on  a  divide,  but  also  to  the 
obduracy  of  the  rock  and  to  anticlinal  structure;  the  low 
relief  of  the  area  of  the  weak  Devonian  and  Kinderhook  rocks 
from  Cedar  Rapids  to  Le  Grand,  and  the  accentuations  of  the 
relief  of  the  western  part  of  the  section  by  the  heavy  deposits 
of  the  Wisconsin  drift  sheet. 

Over  much  of  the  section  the  thickness  of  the  Pleistocene 
was  drawn  without  accurate  data.  Much  help  was  afforded 
by  the  officials  of  the  Chicago  &  Northwestern  Railway  Co., 
whose  wells,  especially  east  of  Boone,  frequently  show  the 
depth  to  rock.  A  most  interesting  feature  of  the  sub-topog- 
raphy is  the  deep  preglacial  river  channel  at  Belle  Plain e. 

The  Coal  Mea^virex. — No  division  is  made  between  the  differ- 
ent stages  of  the  Coal  Measures.  They  extend  east  as  far  as 
Marshalltown,  and  an  outlier  too  small  for  delineation  on  the 
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strata  is  moderate.  From  Ackley  to  Marshalltown,  thirty- 
five  miles  south  and  six  miles  east,  the  summit  of  the  Maquo- 
keta  declines  335  feet,  about  ten  feet  to  the  mile  for  the 
southward    component.      From    Manchester  to  Tipton  the 

Saint  Peter  dips  south  at  the  rate  of  about  nine  feet  to  the 
mile. 
The  southwestern  dip  of    the   Saint  Peter  is  but  little 

greater.  From  Manchester  to  Grinnell  it  declines  814  feet, 
or  a  little  less  than  ten  feet  to  the  mile.  From  Ackley  to 
Boone  the  Saint  Peter  dips  southwest  at  about  eight  and  one- 
half  feet  to  the  mile,  but  from  Dubuque  to  Cedar  Rapids  the 
same  sandstone  falls  796  feet  in  sixty-two  miles,  or  about 
twelve  and  one-half  feet  to  the  mile. 

The  Ames  anticline  is  a  marked  stratigraphic  feature,  which 
at  that  station  lifts  the  Saint  Peter  about  300  feet  nearer  the 
surface  than  would  obtain  were  the  usual  monoclinal  dip  of 
the  strata  uninterrupted. 

The  relief  of  the  section  is  comparatively  moderate.  Follow- 
ing the  line  of  a  railway,  it  avoids  all  local  elevations.  Yet 
certain  contrasts  are  strongly  marked.  Such  is  the  high 
relief  of  the  Silurian  outcrop  from  Stanwood  to  Mount  Ver- 
non, due  not  only  to  its  position  on  a  divide,  but  also  to  the 
obduracy  of  the  rock  and  to  anticlinal  structure;  the  low 
relief  of  the  area  of  the  weak  Devonian  and  Kinderhook  rocks 
from  Cedar  Rapids  to  Le  Grand,  and  the  accentuations  of  the 
relief  of  the  western  part  of  the  section  by  the  heavy  deposits 
of  the  Wisconsin  drift  sheet. 

Over  much  of  the  section  the  thickness  of  the  Pleistocene 
was  drawn  without  accurate  data.  Much  help  was  afforded 
by  the  officials  of  the  Chicago  &  Northwestern  Railway  Co., 
whose  wells,  especially  east  of  Boone,  frequently  show  the 
depth  to  rock.  A  most  interesting  feature  of  the  sub-topog- 
raphy is  the  deep  preglacial  river  channel  at  Belle  Plain  e. 

The  Coal  Mecwures. — No  division  is  made  between  the  differ- 
ent stages  of  the  Coal  Measures.  They  extend  east  as  far  as 
Marshalltown,  and  an  outlier  too  small  for  delineation  on  the 
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strata  is  moderate.  From  Aekley  to  Marshalltown,  thirty- 
five  miles  south  and  six  miles  east,  the  summit  of  the  Maquo- 
keta  declines  335  feet,  about  ten  feet  to  the  mile  for  the 
southward    component.      From    Manchester  to  Tipton  the 

Saint  Peter  dips  south  at  the  rate  of  about  nine  feet  to  the 
mile. 

The   southwestern   dip  of    the   Saint   Peter  is  but   little 

greater.  From  Manchester  to  (xrinnell  it  declines  814  feet, 
or  a  little  less  than  ten  feet  to  the  mile.  From  Aekley  to 
Boone  the  Saint  Peter  dips  southwest  at  about  eight  and  one- 
half  feet  to  the  mile,  but  from  Dubuque  to  Cedar  Rapids  the 
same  sandstone  falls  79<)  feet  in  sixty- two  miles,  or  about 
twelve  and  one-half  feet  to  the  mile. 

The  Ames  anticline  is  a  marked  stratigraphic  feature,  which 
at  that  station  lifts  the  Saint  Peter  about  300  feet  nearer  the 
surface  than  would  obtain  were  the  usual  monoclinal  dip  of 
the  strata  uninterrupted. 

The  relief  of  the  section  is  comparatively  moderate.  Follow- 
ing the  line  of  a  railway,  it  avoids  all  local  elevations.  Yet 
certain  contrasts  are  strongh^  marked.  Such  is  the  high 
relief  of  the  Silurian  outcrop  from  Stanwood  to  Mount  Ver- 
non, due  not  only  to  its  position  cm  a  divide,  but  also  to  the 
obduracy  of  the  rock  and  to  anticlinal  structure;  the  low 
relief  of  the  area  of  the  weak  Devonian  and  Kinderhook  rocks 
from  Cedar  Rapids  to  Le  Grand,  and  the  accentuations  of  the 
relief  of  the  western  part  of  the  section  by  the  heavy  deposits 
of  the  Wisconsin  drift  sheet. 

Over  much  of  the  section  the  thickness  of  the  Pleistocene 
was  drawn  without  accurate  data.  Much  help  was  afforded 
by  the  officials  of  the  Chicago  &  Northwestern  Railway  Co., 
whose  wells,  especially  east  of  Boone,  frequently  show  the 
depth  to  rock.  A  most  interesting  feature  of  the  sub-topog- 
raphy is  the  deep  preglacial  river  channel  at  Belle  Plaine. 

The  ( 'oal  Measures. — No  division  is  made  between  the  differ- 
ent stages  of  the  Coal  Measures.  They  extend  east  as  far  as 
Marshalltown,  and  an  outlier  too  small  for  delineation  on  the 
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seems  to  affect  the  magnesian  series  to  the  west  has  taken 
place.  The  dolomite  beneath  the  Saint  Peter  is  less  than  150 
feet  thick.  Below  that  limit  extend,  so  far  as  samples  show, 
some  350  feet  of  shales  and  marls,  which  are  added  to  the 
Oneota  mainly  because  to  the  south,  at  Des  Moines,  where 
the  series  of  drillings  is  complete,  dolomite  recurs  at  about 
that  depth. 

The  Algonkian  quartzite  was  struck  at  but  one  point  in  the 
section — at  Cedar  Rapids,  1,417  feet  below  sea  level.  This 
quartzite,  it  will  be  remembered,  was  reached  at  Lansing, 
eighty  miles  to  the  northeast,  at  a  depth  of  seventy-one 
feet  below  sea  level.  The  descent  of  the  quartzite  in  this 
distance  corresponds  to  the  dip  of  the  Paleozoic  rocks;  but  it 
should  not  be  supposed  that  the  Algonkian  gradient  is  even. 
Its  relief  is  doubtless  uneven  in  the  extreme.  The  Cedar 
Rapids  quartzite  represents  a  considerable  local  elevation  of 
the  pre-Paleozoic  surface.  It  slopes  to  the  southeast,  since 
the  drill  did  not  pierce  it  at  Tipton  at  1,886  feet  below  tide,  and 
probablj'-  to  the  west  also,  since  it  was  not  struck  at  Boone  at 
1,860  feet  below  tide.  But  between  these  two  stations  there 
is  room  for  much  diversity  of  this  surface.  In  the  author's 
former  paper  on  the  deep  wells  of  northeastern  Iowa  it  was 
suggested  that  the  lower  451  feet  of  red  sandstone  at  Tipton 
might  represent  the  Algonkian  quartzite  at  Cedar  Rapids. 
An  interview  has  since  been  had  with  the  foreman  in  charge 
of  the  Tipton  drilling,  who  states  that  while  these  sandstones 
were  hard,  thej^  were  not  unusually  so.  They  are,  therefore, 
here  placed  with  the  Paleozoic. 

ArteHutn  Canditions  of  the  (%i)don-DunUip  Section. 

In  no  parts  of  this  section  is  the  boring  of  artesian  wells 
interdicted  hy  what  is  known  of  the  deeper  strata. 

East  of  the  Iowa  river  such  wells  are  strongly  recommended 
as  a  water  supply  for  all  except  the  largest  towns.  The  drill 
will  rarely  need  to  go  deeper  than  the  Jordan  sandstone,  in 
which,  and  in  the  overlying  Oneota,  the  best  supply  may  be 
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expected.  Few,  if  any  towns  in  this  eastern  district  are  sit- 
uated too  high  iov  practicable  pumping.  Whether  fountain 
welk  may  be  expected  and  the  height  of  the  head  may  be 
readily  calculated  from  the  data  on  Plate  XIV. 

Near  the  Des  Moines,  the  necessary  depth  to  reach  artesian 
water  is  shown  in  the  wells  at  Boone  and  Ogden.  While 
artesian  water  is  here  an  expensive  luxury,  it  may  be  the 
cheapest  and  most  available  satisfactory  water  supply  for 
towns  remote  from  available  rivei's  and  streams. 

West  of  the  Des  Moines  river  the  gentle  rise  of  the  Cambrian 
and  Ordovieian  strata  is  a  favorable  indication.  If  these  for- 
mations continued  to  descend  in  western  Iowa,  at  the  same 
rate  as  in  the  eastern  part  of  the  state,  they  would  in  a  short 
distance  beyond  the  Des  Moines  river  be  can-ied  below  prac- 
ticable exploitation  with  the  drill.  As  it  is,  even  upon  the 
highest  ground  of  the  Des  Moines-Missouri  divide,  2,500  or 
2,700  feet  should  reach  the  main  water-bearing  sti-ata  which 
supply  the  artesian  wells  of  eastern  Iowa.  The  distance  nec- 
essary to  pump  the  water  will  constitute  a  difficulty  that  must 
be  taken  into  account.  Both  at  .Tefferson  and  Dunlap  the 
eaiiaeity  of  the  wells  is  encouraging.  West  of  the  Iowa  river 
the  utmost  pains  should  be  taken  to  exclude  all  waters  above 
the  Maquoketa  shale. 
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The  artesian  water  supply  of  Clinton  has  been  widely  known 
as  one  of  the  finest  in  the  United  States.  The  yield  of  the 
artesian  wells  is  abundant,  and  the  water  has  ranked  among 
the  best  of  potable  waters.  Unfortunately  the  supply, 
exceptionally  large  as  it  is,  is  not  commensurate  with  the 
increase  in  population,  and  symptoms  are  not  wanting  that  it 
is  already  being  overdrawn.  All  of  the  wells  show  loss  of 
pressure,  in  some  amounting  to  about  fifteen  pounds.  With 
these  indications  that  new  wells  would  further  diminish  the 
yield  of  the  present  wells,  and  that  they  would  fail  to  increase 
the  discharge  in  proportion  to  the  additional  expense,  the 
water  company  resolved  to  supplement  the  artesian  supply 
with  filtered  water  from  the  Mississippi  river.  About  300,- 
000  gallons  a  day  are  drawn  from  this  source,  passing  through 
a  mechanical  filter  recently  erected  by  the  National  Filter 
Co.  with  a  capacity  of  1,000,000  gallons  a  day.  From  five 
to  twenty-five  grains  of  alum  are  used  to  the  thousand 
gallons,  an  amount  quite  too  small  to  remove  bacteria. 

WATER  HORIZONS. 

The  Galena-Trenton  furnishes  the  first  flow — a  moderate 
yield  at  depths  of  from  330  to  400  and  460  feet  beneath  the 
surface.  The  temperature,  60^  to  62^  Fahr.,  is  about  that  of 
the  deeper  flows.  Sulphureted  hydrogen  is  obviously  present 
in  the  water  as  it  flows  from  the  wells,  but  under  aeration  it 
vanishes  in  a  few  hours,  leaving  no  trace.  Heavier  flows  are 
encountered  in  the  Saint  Peter,  the  Oneota,  the  Jordan  and 
the  Basal  sandstone.  In  the  deeper  well  of  the  water  com- 
pany Superintendent  Highlands  reports  these  flows  as 
follows: 

From  625  to  725  feet,  150  gallons  per  minute,  8-inch  bore. 

From  1,025  to  1,150  feet,  400  gallons  per  minute,  8-inch  bore. 

From  1,400  to  1,675  feet,  700  gallons  per  minute,  6-inch  bore. 

In  this  well  the  pressure  from  each  of  these  flows  was 
tested,  not  during  the  progress  of  the  boring,  but  after  the 
completion,  by  packing  a  tube  at  different  depths.  Strangely 
enough,  it  is  said  to  have  been  found  to  be  the  same  at  all 
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depths.  In  the  Park  well,  Dr.  Famsworth  reports  that  from 
observation  of  the  water  in  the  ditch  as  the  well  was  drilled 
he  judged  that  the  full  flow  was  reached  at  1,100  feet. 

Well  No.  3  of  the  water  company  is  cased  to  135  feet  from 
surface,  and  there  packed  with  lead  ring.  Well  No.  4  was 
eased  to  700  feet  in  order  to  cut  off  caving  sands  in  the  Saint 
Peter,     In  the  well  of  the  Chicago  &  North-Westem  Rail- 


no.  U.   Reservoir  bc  CIIdi 


way  Co.,  an  eight-inch  easing  extends  200  feet  from  the  sur- 
face. At  765  feet  caving  sands  were  encountered  in  the  Saint 
Peter;  forty-two  feet  of  six-inch  casing  was  inserted,  ending 
below  at  767  feet,  and  the  bore  changed  to  five  inches.  In  the 
well  of  Lamb  &  Son,  casing  reaches  to  125  feet  and  is  packed 
with  rubber  packing.  Iq  the  Paper  Company's  well  the  easing 
extends  to  eighty-four  feet  and  no  packing  was  used.  This  well 
showed  considerable  loss  of  head  three  and  four  years  after 
it  was  drilled.  It  had  been  closed  nights  and  Sundays,  and  it 
was  thought  that,  on  account  of  the  consequenfTpressure  on 
the  sides  of  the  boring,  much  of  the  water  was  forced  into 
cracks  and  crevices  of  the  rock  and  thus  escaped.     In  1893  it 
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was  attempted  to  repair  the  well  by  reaming  it  and  inserting- 
another  casing.  At  the  bottom  of  the  first  casing  the  rock 
was  found  to  be  so  eroded  by  the  water  that  the  reamer  here 
dropped  seven  feet.  A  five-inch  tubing  was  then  put  in,  reach- 
ing to  160  feet,  and  packed  with  rubber,  but  without  increas- 
ing the  flow. 

QUALITY  OF  THE  WATER. 

The  Paper  Mill  Co.  reports  a  gratifying  decrease  in  hard- 
ness of  the  water.  As  a  boiler  water  the  Clinton  artesian  water 
is  superior  to  that  of  the  Mississippi  river.  Although  it  rap- 
idly destroys  wrought  iron  pipes,  it  does  not  corrode  boilers. 
Carrying  its  own  boiler  compound  with  it,  it  is  said  to  fonn 
no  scale,  although  containing  considerable  of  the  scale-form- 
ing constituents.  The  following  analysis  appears  to  be  that 
of  the  combined  waters  of  wells  No.  1  and  No.  2  of  the  Water 
Co.,  before  the  former  was  bored  to  its  present  depth.  The 
water,  therefore,  represents  all  yields  as  far  as  that  from  the 
Jordan  sandstone. 

ANALYSIS. 

GRAINS  PER  n.  S 
WINE  GALLON. 

Ciiloium  biciirlx)nate « 11.2291 

Mat^nesium  bicarlwnate 7.4267 

fcodium  bicarl)onate 6.2824 

Scxl mm  sulphate --     ().H26*5 

Sodium  chloride - 6.()HIH 

Alumina  and  Ferric  oxide - 0174 

Silica 6124 

Total ---    38,H552 

Analyst,  Prof.  E.  G.  Smith,  Heloit.  Date,  March  20,  1887.  Authority,  pub- 
lished report  of  Water  Co.  to  mayor.  Ajwil  1,  1S93. 

The  embarrassment  of  riches  of  more  than  one  artesian 
record  at  any  one  locality  is  illustrated  in  the  following*  table. 
Record  No.  1  is  that  of  Supt.  S.  M.  Highlands,  of  the  first 
artesian  well  of  the  city  Water  Co. ;  No.  2  is  that  of  Mr.  D. 
W.  Mead,"  of  the  same  well;  No.  3  is  by  Dr.  J.  P.  Farns- 
Avorth,  of  the  Dewitt  Park  well;  No.  4,  of  the  same  well  by 
Supt.  Highlands:  No.  5,  the  driller's  record  of  the  well  of  the 
Chicago  cS:  North- Western  Railway  Co. ;  No.  0,  of  the  well  of 
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the  Clinton  Paper  Co.  The  wells  are  on  about  the  same 
level.  Drift  and  superficial  deposits  are  slight  and  are 
included  in  the  Niagara. 


No.  1. 

No  2. 

No.  3. 

No.  4 

No..  5. 

No.  6. 

Niagara  base    

NJagarathickiiftw.....  :.. 

Maquoketa  base   .-  .- 

Maquoketa  thkkDesK 

Galena-Trenton  base. 
Galena-Trenton  thicknesa.. 

120 

130 

300 

180 

625+ 

325 

725 
alOO- 
1.025 

300 
1.150 

125 
1.400 

250 
1.700 

300 

300 
300 
4f.O 
150 
b 

Omitted 

90 

00 

230-270 

HO-180 

680 

450^10 

720 

40 

150 
150 
450 

300 
700 
250 

7flO 
HO 

130 
cl30 
425 
295 

700 
275 
760 
60 
1,140 
380 

224 
224 
309 

175- 

i 

Oaeota  base 

1,000 

B. 

1,100 

Saint  Lawrence  base 

Saint  Lawrence  thicknesB .. 

Baaal  sandstone  base 

Basal  sandstone  thieknesa .. 

1.275 
175 

1,041) 
374 

pli 

2 
1 

*Or  leitt).  s"  Shale  and  sand,"  Trenton  t>hales  apparently  being  included. 
fcThp  so-called  ■■Trenton"  and  ''Galena"  are  each  made  276  teet  thick.  The 
latter  corTesponds  to  the  OneotA,  and  the  Jordan  is  called  the  Saint  Peter,  c  "  100 
feet  of  shelly  rock,"  "30  feet  of  hard  rock." 

The  following  samples  of  the  drillers  are  in  evidence: 


10-80     Dewiit  Park  well Dolomite,  buff. 

"300-350  "    Dewitt  Park  well Dolomite,  gray,  somewhat  porous. 

400.    C.  &  N.-W.  Railway  Co.  well Dolomite,  bard,  gray. 

600.     Dewitt  Park  well - Dolomite,  buff. 

575.  C.  &  N.-W  Itallway  Co.  well,. Limestone,  fossiliferouu,  and  red- 
dish shale. 

680-720.  Dewitt  Park  well Sandstone,  pure,  white,  soft,  numer- 
ous larger  grains  about  0.37  mm. 
in  diameter. 

At  about  760  (;,  &  N.-W  Railway  (,'o.  well. Sandstone,  white,  saccharoidal, 
rounded  grains. 

780,  830  and  900.     Dewitt  Park  well Dolomite. 

980.    Dewitt  Park  well Dolomite,  white,  with  conaiderabla 

chert  and  grains  of  quartz  sand. 

1,026.    Dewitt  Park  well Dolomite,  gray,  cherty 

1,135.     Dewitt  Park  well   Dolomite,  arenaceous. 

As  the  Maquoketa  shales  outcrop  about  two  miles  north  of 
the  wells  at  about  the  same  level,  it  seems  best  to  aeeei>t 

*Notc>iiD  Hjdrogeolofir  of  llllaois.  table  .XL. 
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that  record — No.  3 — which  places  them  nearest  the  surface, 
at  ninetj^  feet. 

The  base  of  the  Maquoketa  is  less  certain.  The  samples 
show  that  it  cannot  lie  lower  than  400  feet  from  the  surface, 
or  even  than  350  feet.  The  formation  probably  extends  at 
least  to  270  feet  from  the  surface. 

The  records  are  so  unifonn  in  the  upper  limits  of  the  Saint 
Peter  where  it  is  mentioned,  that  serious  discrepancies 
between  the  records  of  different  wells  in  other  formations 
cannot  be  accounted  for  by  the  assumption  of  a  fault.  Three 
records  unite  in  placing  the  summit  of  the  first  sandstone 
below  the  Saint  Peter,  the  Jordan,  at  1,000  or  1,125  feet. 
This  may  be  included  between  the  dolomite  of  the  samples  at 
1,025  and  1,135  feet  from  the  surface.  Certainly  it  is  fol- 
lowed by  dolomite,  the  Saint  Lawrence,  which  gives  way  to 
sandstone,  the  Basal  sandstone,  at  1,275  feet  in  one  record 
and  at  1,400  feet  in  another. 

XXV.      CEDAR  RAPIDS.* 


.M 

^ 

• 

^-4 

^^ 

t^ 

p    8h      . 

1 

m  1      *^ 

he:;  o 

S3 

OWNER. 

• 

^1 

3  c 

••14 

r   - 

< 

>•> 

S3 

low  in 
Ions  p 
minut 

emper 
ture 

DRILLERS. 

Q 

>v< 

X 

^^ 

H 

Water  Works  Co 

2,225 

* 

0 

733 

761 

25() 

62° 

J.  P.  Miller  &  Co. 

Water  Works  Co  .... 

l,45() 

5 

733 

761 

250 

6z° 

J.  P.  Miller  &  Co. 

Water  Works  Co    ... 

1.450 

0 

733 

761 

250 

62° 

.J.  P.  Miller  &  Co. 

Y.  M.  C.  A 

L450 

5 

733 

735* 

-- 

A.  K.  Wallen. 

Previous  to  the  installation  of  water  works  the  town 
depended  for  fire  protection  and  water  supply  upon  storage 
cisterns  and  surface  wells.  In  December,  1875,  the  plant  of 
the  water  company  was  so  far  completed  that  pumping  was 
begun  from  a  filter  well  on  the  bank  of  the  Cedar  river,  adja- 
cent to  the  mill  pond.  This  supply  was  used  for  about  thir- 
teen veal's,  when  three  artesian  wells  were  put  down,  from 
IW  to  2(X>  feet  apart,  forming  the  apices  of  a  triangle.  At  85 
feet    the   fii-st   two    wells    pierced   a   channel  in  rock  from 

*  Thn  Burvey  is  indebted  to  Mr.  G.  B.  Souttor.  president  of  the  Cedar  Rapids  Water  Co., 
and  to  the  superintendent.  Mr.  0.  J.  Fox.  who  contributed  the  facts  at  hand  and  sets  of  drlll- 
InKS  from  two  of  the  wells. 
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PIATE   XV. 


SYSTEM 


STAQB 


SUB- STAGE 


"Dtie" 


A.T. 


ROCK 


WAPSIPINICON 


COGGAN*»BERTRAH 


704 
688 


SILURIAN 


NIAGARA- 
CLINTON 


Anamosa 
Le  Claire 
Delaware 


289 


HUDSON 

RIVER 


Maquoketa 


TRENTON 


ORDOVICIAN 


SAINT  PETEH 


ONEOTA 


!Jew  Rich  m on ( 


CAMBRIAN 


SAINT 

CROIX 


Galena 
Trenton 


ja. 


Upper  Oneota 


f^ff% 


Lower  Oneota 


Jordan 


Saint 

Lawrence 


T-n 


EZr 


Ezr 


£ 


dXJ 


3^ 


292 
812 


437 
492 


667 


Basal 

Sandstone 


ALGONKIAN 


Sioux  ? 


v^ 


^5 


967 
1057 


1417 
1492  I 


LIMESTONE 


LIMESTONE 


SOFT    BUFF    DOLOMITE 


DOLOMITES    SUBCRYSTALLINE^ 

OFTEN    VESICULAR 


BLUISH    SHALE    WITH    THREE    BEOS    OF 
INTERCALATED    LIMESTONE 

SEA    LEVEL 


DOLOMITE 

MAQNESIAH    LIMESTONE 

EARTHX    LIMESTONE    AND    SHALES. 
SANDSTONE    WHITE,    ROUiO    QRAINk. 


SANDSTONE    CALCIFEPOUS. 


DOLOMITE,    IN    PLACES    ARENACEOUS 


WHITE    SANDSTONE 


SANDSTONE yCALCIFEffOUS    IN    PLACES. 


SHALES 


SANDSTONE,    LIGHT    REDOiSH 

AND    YELLOW 


QUARTZITEt    REDDISH    BROWN 
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which  water  rose  to  the  surface  and  overflowed.  The  Saint 
Peter  sandstone  furnished  water,  and  the  flow  reached  its 
maximum  from  the  Oneota  and  Jordan,  from  1,300  to  1,425 
feet.  At  some  lower  depth  the  first  boring  set  free  a  highly 
mineralized  salty  waterof  which,  unfortunately,  no  analysis  is 
on  record.  This  water  was  found  impracticable  for  boiler 
use  and  highly  corrosive.  At  the  end  of  five  years  the 
wrought  iron  casing  was  taken  out  in  the  condition-illustrated 
in  accompanying  photograph.  In  1894  the  well  was  reamed 
to  eight  inches  to  a  depth  of  1,450  feet  and  there  plugged  to 


Oorruded  casing  trom  Oedar  Rkplds  welt. 


shut  off  the  lower  water.  No  increase  in  flow  was  noticed. 
In  the  same  year  an  artesian  well  was  drilled  for  Mr.  C,  B, 
Soutter  at  the  Y.  M.  C.  A.  building  and  presented  by  him  to 
that  organization.  The  pressure  was  unexpectedly  light  and 
a  hydraulic  ram  was  employed  to  raise  the  water  to  the 
required  height.  The  flow  from  this  well  did  not  favor  the 
extension  of  the  artesian  svstem.  The  yield  of  the  other 
wells  had  not  for  years  met  the  demands  of  the  growing  city, 
making  it  necessary  to  mingle  with  the  artesian  waters  raw 
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water  from  the  river.  A  large  part  of  the  manufacturing 
trade  had  been  lost  to  the  water  company  on  account  of  the 
hardness  of  the  water.  For  these  reasons  an  expensive 
mechanical  filter  plant  was  erected  in  1895-1896,  and  the 
water  of  the  river  will  hereafter  be  so  treated  as  to  insure,  it 
is  hoped,  the  patrons  of  the  companj^  immunity  from  all  dis- 
(^ases  of  whose  germs  drinking  water  is  the  vehicle. 

The  fii*st  three  wells  were  cased  to  eighty -five  feet,  using 
lead  packing  with  rubber.  The  well  at  the  Y.  M.  C.  A.  build- 
ing was  first  cased  to  1,372  feet.  As  it  wias  found  to  shut  off 
a  large  part  of  the  flow,  the  casing  was  withdrawn  and  the 
woll  recased  to  eightj^'-five  feet. 

The  strata  of  the  Cedar  Rapids  wells  are  described  by  the 
author  in  i)apers  previouslj^  published.* 

(Y.  M.  C\  A.  WELL)  MINERAL  ANALYSIS 

GRAINS  PER       PARTS  PBR 
V.  8.  QALLON.         MILLION. 

Silit'u  (Si  (>,). 149  2.671 

Alumina  ( Al,  (),)  and  Ferrio  oxide  (Fe,  O,)     1.036  17.857 

Lime(('a(» 5.684  98.000 

Ma^rnosiaiM^M)) 3.000  51.7J4 

StHlaiNa,  O)  7  076  122.000 

ChloriniM^'l) 025  .428 

Sulphur  trioxidtMSO.) 10.026         172.857 

CarUm  dioxidiM^' <^>,)   H.434        248.857 

\VatoriniH)nibination(H,  O) 2.906  51.143 

KivoKM),)     [3.082]        [53.143] 

r.S'IlKD  AS   FOLLOWS. 

Caloium  hioarlnmatiM   aH,iCOj,^,> 16.4b9  283.429 

Ma^rnosium  hioarUmattMMjr  H,  (C'Oaij^  ...     9.181  1M.284 

Majrm^ium  sulphattMM^r  Si)  J 1.409  24.286 

StHiium  sulphattMNa,  SO,> 16.141  278.286 

StMlium  ohlorido  jNa  m (V41  .714 

Alumina  u\l.  O, Wind  Ferric  oxidi* 1.036  17.S57 

Silica. Si  0.» 149  2.571 

Solids 44.3i>6         765.427 

Analyst.  Vr\A   .1    H.  Wtvms.  Amos.  Iowa.     Date.  April  1.  1S96. 

•  Iowa  Uih^I.  Surv..  vol.  III.  pp.  WViVT.    Prvxr.  lowu  .\cad.  Scl..  voL  11.  p.  15K». 
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XXVIII.      MARSHALL. 


* 


A  deep  boring  at  this  point,  drilled  by  a  local  company  for 
gas  and  coal,  is  here  included  on  account  of  the  interesting 
succession  of  strata.  The  depth  of  the  boring  is  1,020  feet, 
the  elevation  of  the  ground  at  surface  is  about  885  feet  A.  T. 

THI0KNS8B.        DKPTH. 

13.  Limestone,  light  jjray,  in  line  sand,  with 
many  angular  fragments  of  limpid  quartz, 
at  68  feet 70 

12.     Limestone,  light  yellow,  compact,  earthy 

lustre,  three  samples 45  116 

11.     Limestone,  brown,  crystalline,  cherty,  at 

115  feet 30  145 

10.     Shale,  soft,  light  green,  calcareous 175  320 

9.     Limestone  (?),  no  samples 146  465 

8.  Limestone,  hard,  brown  gray  and  brown, 
crystalline,  rapid  effervescence,  samples 
at  466  and  560  feet 155  620 

7.     Dolomite,  yellow,  gypseous  and  cherty 55  675 

6.     Limestone,  magnesian,  brown,  samples  at 

675,  690  and  700  feet,  cherty  at  675  feet..    95  770 

5.  Dolomite,  cherty,  gypseous,  drillings  con- 
sist mostly  of  white  and  translucent  chert    30  800 

4.     Chert,  white  and  translucent,   sample   at 

800  feet 75  (?)        876 

3.  Limestone,  rapid  effervescence,  drillings 
consist  almost  wholly  of  chert,  with  some 

gypsum,  samples  at  875  and  900  feet 25  900 

16  915 

2.     Dolomite,   white,  in    j)owder,   with    some 

chert  and  gypsum  ... 10  925 

1.     Shale,  blue  and  green-gray,  non-calcareoiw 

in  sample  at  925  feet,  to  lx)ttom  of  lx)ring    96  1,020 

SUMMARY. 
NOS.  FORMATION.  THICKNESS.  A.  T. 

11-13.  Mississippian.- 146  740 

10.  Missisippian-Kinderhook  shale 175  665 

8-9.  Devonian 300  266 

2-7.  Silurian 305  -40 

1.  Maquoketa,  penetrated 95  -135 

*  Samples  of  the  drillings  wore  contributed  by  Dr.  W.  8.  McBrlde. 
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XXVIIL      NEVADA.* 

Owner Nevada. 

Depth 980  feet. 

Diameter 11  in.,  8  in.»  6  in. 

Elevation  of  curb  A.  T 1,005  feet. 

Headof  water  A.  T 902  feet. 

C  apacity  in  gallons  per  minute 200  feet. 

This  well  was  drilled  from  March  15,  1895,  to  October  14th 
of  the  same  year.  Casing  was  used  to  810  feet.  Water  is 
derived  from  940  feet,  apparently  from  a  vein  in  the  Niagara 
limestone,  but  possibly  water  from  the  Mississippian  is  not 
wholly  shut  out. 

ANALYSIS. 

GRAIMR  IN 
U.  8.  GALLON. 

Calcium  carbonate 24.500 

Ma^esiiim  carbonate 25.978 

Magnesium  sulphate 137.346 

Srodium  sulphate 17.840 

Potassium  sulphate 5.568 

Sodium  chloride 6.609 

Silica.---' 1.113 

Iron  carbonate 473 

Alumina 862 

Tota,l 219  289 

Analyst.  Mr.  George  H  Briggs,  Nevada,  Iowa.     Authority,  report  of  mayor. 

In  the  amount  of  incrusting  solids  which  this  water  car- 
ries, it  ranks  among  the  worst  in  the  state.  Our  correspond- 
ents report  that  it  thickly  lines  boilers  with  scale,  making 
daily  blowings  out  necessary;  but  with  such  precautions  it 
seems  that  it  can  be  used  as  a  steam  water. 

Its  medicinal  effect  is  specially  marked,  and  a  number  of 
cures  have  already  been  brought  about  by  its  use  in  a  variety 
of  diseases.  Physicians  state  that  it  is  prescribed  to  relieve 
plethora,  overcome  constipation,  and  to  act  as  a  depletary  and 
sedative  remedy  in  various  febrile  and  inflammatory  affections. 
It  is  used,  they  state,  with  benefit  in  dyspepsia,  kidney 
diseases,  rheumatism,  gout,  blood  poisoning,  scrofula  and 
other  diseases.     It  acts  as  a  laxative — and  strongly  upon  some, 

*  Reported  by  Mr.  William  Qates  and  by  Messrs.  Palmer  &  Sandbu,  drillers  of  the  well. 
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-and  as  a  continuous  diuretic.     One  physician  writes  that 


on  account  of  this  effect  it  is  not  yet  known  whether  it  can 
be  continued  in  general  use  for  domestic  supply. 

DRILLER'S  RECORD. 

STRATA.  THICKNESS.  DBPTn. 

28     Clay,  yellow 30  30 

27.     Clay,  blue 6  36 

20.  Clay,  yellow 10  46 

25.     Sand 55  101 

24.     Clay,  tile 20  121 

23.     Shale 60  171 

22.     Clay,  black 75  246 

21.  Slate 3  249 

20.    Coal  arid  slate 3  252 

19.     Clay,  light  jrray 15  267 

18.     Shell  lime  rock 15  282 

17.     Lime  rock,  white,  mixed  with  flint 60  432 

H).     Granitc,blue 50  482 

15.     Limestone,  blue 93       ^    575 

14.     Shale,  red 8  C83 

13.     Limestme,  blue 80  663 

12.     Soapstone 8  671 

11.     Limestone,  white 90  769 

10.     Limestone,  blue .^ .     40  80' 

9.     Clay,  blue 3  804 

8.     Limestone,  blue 55  859 

7.     Limestone,  white 40  899 

6.     Sand  rock,  dark 35  *  934 

5.     hand  rock,  white 10  944 

4.     Sand  rock,  red 12  956 

3.     Sand  rock,  white 8  0(54 

2.     Sand  rock,  red 4  96H 

1.     Limestone,  white -..   12  980 

SUMMARY. 

This  section  is  a  difficult  one  with  the  data  at  hand.  Its 
interpretation  must  be  guided  b}^  the  general  stratigraphy  of 
the  region  and  can  depend  only  in  part  on  the  description  of 
the  strata  just  received. 

von.  FORMATION.  THICKNESF.  A    T. 

25  28.     Pleistocene. 101  904 

19  24.     Coal  Measures 166  738 

16-18.     Mississippian 215  623 

15.     Kinderhook 93  430 

7-14.     Devonian 324  106 

1-6.     Silurian,  penetrated 81  25 
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XXIX.      AMES. 

At  present  writing  the  deep  well  at  the  Iowa  Agricultural 
College  is  not  completed,  and  the  report  of  it  is  therefore 
deferred. 

XXX.      BOONE.  * 

Owner Town. 

Depth 3,010  feet. 

Diameter 8,  5|,  4i,  3i,  3  in. 

Elevation  A.  T 1,140  feet. 

Head  of  water  A.  T 940  feet. 

Capacity  in  gallons  per  minute 70 

Temperature 68°  Fahr. 

This  well  is  the  deepest  in  Iowa,  and  indeed  ranks  among 
the  deep  borings  of  the  world.  It  is  cased  with  5f -inch  tub- 
ing to  1,400  feet;  with  4i,  from  1,300  to  1,875  feet,  and  with 
one  of  still  less  diameter  from  about  1,975  to  2,073  feet.  The 
capacity  given  is  really  that  of  the  pump,  which  has  never 
been  able  to  draw  down  the  head.  Water  was  found  at  forty- 
five  feet.  At  195  feet  a  vein  was  struck  yielding  40,000  gal- 
lons per  day  and  standing  at  thirty-five  feet  from  the  surface. 
At  1,875  feet  a  small  vein  was  found  in  the  Saint  Peter  rising 
to  within  sixty  feet  of  the  surface,  or  heading  at  1,080  feet  A. 
T.  With  the  same  head  at  Clinton,  water  from  the  Saint 
Peter  would  rise  500  feet  above  the  river,  with  a  pressure  of 
about  210  pounds  to  the  square  inch !  The  main  vein  lies  2, 700 
feet  from  the  surface  and  1,5<30  feet  below  sea  level.  The 
artesian  pressure  which  lifts  the  water  2,500  feet  equals,  at  the 
level  of  the  vein,  1,082  pounds  to  the  square  inch,  or  over 
seventy  atmospheres. 

This  well  was  begun  in  1889,  and  at  1,875  feet  it  was  taken 
over  by  J.  P.  Miller  &  Co.,  who  carried  it  successfully  to  com- 
pletion in  1890. 

As  the  supply  is  insufficient  for  the  town,  and  the  quialitj^  of 
the  water  of  the  shallow  well  used  to  supplement  it,  from 
which  about  1,700  gallons  a  day  are  now  drawn,  is  not  above 

*  We  are  under  special  obligations  to  Mr.  E.  E.  Chandler,  who,  as  the  work  of  drilling  the 
second  well  went  on,  had  samples  saved  for  the  Survey  at  frequent  intervals,  and  also  to  Mr. 
J.  Orary. 
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suspicion,  a  second  deep  well  was  begun  in  1894  by  the  same 
firm. 

It  is  situated  a  few  yards  from  the  first,  and  the  purpose  is 
to  carry  it  to  2,700  feet.  At  present  writing  it  lacks  about  500 
feet  of  that  term.  This  boring  is  fifteen  inches  in  diameter 
to  200  feet,  twelve  inches  to  300  feet,  ten  inches  to  500  feet 
and  six  inches  to  2,000  feet. 

RECORD  OF  STRATA.      SUMMARY.* 
FORMATION.  STRATA.  THICKNESS.     THICKNESS.     A.  T. 

Pleistocene Drift  clays,  sand  and  gravels 200         200       MO 

Des  Moines  (?). .Clays,  sandy 70  870 

Des  Moines Shales  of  various  colors 146         216        726 

Miesissippian  .. .Cherts,  with  limestone  and  shale.    30 

Limestone,  gray,  crystalline™-.    46 

Marlite,  drab 37 

Limestone,  brown    and    gray,  in 
places  highly  cherty 38 

Sandstone,  fine 10 

Shale 40 

Limestones,  blue  and  gray,  mostly 

argillaceous 165         365       336 

Kinderhook  ..-.Shale 10  10       325 

Devonian Limestone,  gray - 115 

Limestone,  magnesian 98 

Limestone,  argillaceous 22 

Shale 15 

Limestone,  magnesian 15 

Shale 40 

Limestone  and  bituminous  shale.     10         315  10 

Silurian    Limestone,   dolomitic,   cherty   in 

places - 90 

Shale 20 

Limestone,  dolomitic 20 

Limestone,  argillaceous 22 

Clay,  red,  with  silica 16 

LimeHtone,  with  green  shale 17 

Limestone,  dolomitic —    20         206      -196 

Maquoketa Shale  100  100      -295 

Trenton Dolomite  and  magnesian  limestone    56 

Limestone,  earthy 20 

Dolomites 130 

*  The  excellent  detailed  deecription  published  by  Bejer,  lowaGeol.  Survey,  rol.  V.  pp.  194- 
199  renders  unnecessary  here  an v thing  beyond  a  summary  of  the  section.  This  is  based  also 
upon  personal  examination  of  the  samples. 
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FORMATION.  8TKATA.  THICKNESS.     1IIICKNE88.     A.  T. 

Shalu 20 

Dolomite 70 

Shale 15  310      -705 

Saint  Peter Sandstone 5 

bhale 30 

Sandstone 20  55      -76^ 

Oneota Shale 10 

Polomite fi5  -835 

Unknown 70  -905 

Shale  and  marls 355  500  -1.260 

Saint  Croix Sandstones,  shales  and  marls 610  610  -1 ,870 

(WELL  NO.  1)  ANALYSIS. 

<lKAIXd  PIR  PARTS  PER 

U.  8   OALrX)N.  MILLIOV. 

Silica  (Si  Oj) 68S  11  858 

Alumina  (Al^  (),) (          -^  in  000 

Ferric  Oxidr  (Fe,  O3) \         '^^^  ^"•""" 

Lime(Ca(» 12.«03  217.285 

Majrnesia  aijrO) 6  214  107.143 

Potash  (K,  ()) 025  .428 

Soda  (Na2  < )) 31  718  546  S>8 

Chlorine  C:!) S  S(>1  152.858 

Sulphur  trioxide  (SOg) 50.040  862  857 

Carbon  dioxide  (C  O^)        11.269  104.285 

Water  in  eombnation  (H,  O) :2.519  43.428 

UNITED  AS  FOLLOWS. 

Calcium  bicarbonate  (Ca  H2(C03)2) 18.933  326  429 

Calcium  carlnmate  (raCOj) 2.i578  39.286 

Calcium  sulphate  Ca  SOJ 11.708  201.857 

Majrnesium  sulphate  (M^  SO  J 18  t83  325.571 

Soilium  sulphate  (Na,  SOJ £4  «>61  942  429 

S(Mlium  chloride  (Na  CI) 14  7a5  254.571 

Potassium  chloride  (K  CD 041  .714 

Alumina  (Al.^  O3)  and  Ferric  oxide 580  lO.OOO 

Silica  (Si  Oj) 688  11.857 

OxyjTJ^n  replaced  by  clilorine    1.989  34.286 


Solids 124  526      2,147.000 

Analyst.  Prof.  .T.  13.  Wt-ems.  Am(\s,  Iowa      Date,  May  26.  189t). 

The  physicians  of  Boone  jr^^nerally  regard  the  introduction 
of  artesian  water  as  a  distinct  sanitary  improvement.  One 
believes  it  ''the  most  healtliful  water  in  this  part  of  the 
state;'-  another,  *'  one  of  the  greatest  blessings  that  has  been 
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visited  upon  the  community. ' '  After  using  it  for  some  time 
other  water  becomes  less  unpalatable.  There  is  a  division  of 
opinion  as  to  its  physiological  effects.  It  is  both  affirmed 
and  denied  that  it  is  laxative  and  diuretic,  and  that  it  may 
produce  disorders  of  the  digestive  tract.  The  affirmative,  at 
least  as  to  its  laxative  character,  is  supported  by  the  analy- 
sis, which  shows  some  seventy-three  grains  to  the  gallon  of 
Glauber  and  Epsom  salts.  One  physician  states  that  the  bil- 
ious diethesis  is  benefited  by  its  use.  The  quantity  available 
at  present  does  not  seem  to  be  sufficient  to  keep  the  mains 
properly  flushed,  a  condition  which  will  be  remedied  when 
the  new  well  is  completed.  The  water  corrodes  iron  and 
forms  a  heavy  scale.  New  water  pipes  for  boilers  are  some- 
times eaten  out  in  six  months,  and  boiler  flues  are  occasionally 
equally  short-lived  from  this  cause.  When  treated  in  a  heater 
the  water  deposits  there  about  one  inch  per  week,  and  in  the 
same  time  forms  about  one-sixteenth  of  an  inch  scale  in  the 
boiler. 

XXXI.      OGDEN. 

Repeated  applications  to  the  officials  of  the  town  for  infor- 
mation as  to  the  deep  well  now  being  drilled  for  the  corpora- 
tion have  received  no  attention.  From  the  drillers,  Mr.  J. 
P.  Miller  &  Co.,  we  learn  that  the  well  at  present  writing  has 
nearly  reached  its  expected  limit  of  2,700  feet.  The  Saint 
Peter  sandstone  was  struck  at  about  1,820  feet,  or  722  feet 
below  sea  level,  and  yielded  about  eighteen  gallons  a  minute. 

XXXIL      JEFFERSON*. 

Owner Town. 

Depth 2,020  feet. 

Diameter 8  inches. 

Elevation  of  curb,  A.  T 1,110  feet. 

Head  of  water,  A.  T 1,070  feet. 

Capacity  in  gfallons  per  minute 200. 

This  well  was  drilled  in  1886  by  J.  P.  Miller  &  Co.,  and 
casings  sunk  to  1,400  feet.  It  constitutes  the  water  supply 
of  the  water  works  and  is  used  by  about  150  families. 

*  Information  recardlDg  this  well  was  supplied  by  Mr.  M.  E.  Ball  and  Dr.  F.  M.  Dean. 
The  common  council  devoted  all  the  drillings  which  had  been  pie»erved  to  the  uses  of  the 
Surrey. 

S2G.  Rep 
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ANALYSIS. 


QRAINS 
PEB  OALIX>W. 


Calcium  carbonate 5.6627 

Maprnesium  carbonate 3.2075 

Sodium  chloride 11.0046 

Sodium  sulphate 46.3220 

Ferric  oxide - 4141 

Silica 7931 

Total 67.4040 

Analyst,  Prof.  A.  A.  Bonnett,  Ames,  Iowa.     Date.  May  17.  18J>4.     Authority, 
cojiy  by  city  clerk. 

KKCORD  OF  STRATA 

DEPTH 
OF  SAMPLE. 

18.     Sandstone,  dark  bulT,  jioderately  tine,  j^rains  im])er- 

fectly  rounded ^ 260 

17,    Shale,  dark,  unctuous,  non-calcareous 270 

16.    Sandstone,  argillaceous,  slightly  calcareous,  grains 
of     pure    quartz,   varying   in  size   from   line  to 

coarse  and  but  little  rounded  by  attrition 340 

15.    Chert,  gray,  with  large  to  small  grains  of  limpid 
quartz,  probably  from  above,  and  a  little  white> 

limestone 350 

14.     Limestone,  whit<j,  non-magneman,  drillings  highly 
arenaceous  with  minute  quart zose  particles  and 

some  rounded  grains 355 

13.     Limestone,  dark  and  light  drab,  hard.. . 525 

12     Shale,  green-gray,  pyritiferous,  calcareous 700 

11.     Limestone,  light  bulT.  crystalline,  pure 800 

10.     Limestone,  magnesian,  in  white  ])owder,  j)ure 1,000 

9.     Limestone,  magnesian,  or  dolomit-e,  with  some  shale 

in  brown  powder,  residue  cherty 1,100 

8.     I  limestone ,  magnesian,  brown  in  tine  sand,  effer- 
vescence rather  rapid 1,200  and  1,300 

7.     Limestone,  magnesian, light  blue-gray, lustre  earthy  1,350 

6.     Dolomite,  light  buff,  in  tiie  sand,  highly  cherty 1,450 

5.     Dolomite  or  magnesian  limestone,  brown,  cherty, 
effervescence  somewhat  faster  than  Kacine  beds 

and  Galena 1,600 

4.     Shale,  green,  slightly  calcareous. 1,670 

3.     Sandstone,  fine,  white,  clean,  rolled  grains.  (0  feet 

thick         .   1.700 

2.     Dolomite,  in  line  sand  of  deej)  brown  color,  ^with 

some  chert 1,745 

I.     Sandstone,  in  yellow  jwwder  and  sand  of  angular 

])arlicle8  of  quartz  with  a  few  round  grains 

1.800  and  1,8?0 
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SUMMARY. 
HOB.  FORMATION. 

lS-18.  Des  Moines  (Coal  Measures). 

13-15  Mississlppian. 

12.  Kinder  hook. 

5-11.  Devonian,  Silurian  and  Ordovitjian. 

4.  Trenton. 

3.  Saint  Peter. 

2.  Oneota. 

1.  Saint  Croix. 

XXXIIL      DUN  LA  P.* 

Owner Town. 

Depth 1,6351  feet. 

Diameter 6i  inches. 

Elevation  of  curb,  A.  T   (railway  station) 1,101  feet 

Head  of  water,  A  T 1,054  feet. 

Casinjf,  lower  limit 400  feet. 

This  well  was  drilled  in  1887  by  J.  P.  Miller  &  Co.  When 
finished,  continuous  pumping  for  seventy-two  hours  failed  to 
lower  the  water  more  than  six  inches.  The  supply  is  sup- 
posed to  be  practically  inexhaustible.  Water  works  have 
recently  been  installed.  The  physiological  action  of  the 
water  has  not  been  tested. 

ANALYSIS. 

GRAINS  PER 

U.  8.  WINE  GAL. 

Carbonate  of  lime - 15.05 

Carbonate  of  majrnesia „. .68 

Sulphate  of  matjnesia 20.64 

Sulphate  of  lime 14.02 

Alkaline  chlorides 3.84 

Alkaline  sulphates 33.48 

Oxides  of  iron  and  alumina 06 

Silica 52 

Total 88.29 

Analyst  and  authority,  Mr.  (t.  M.  Davidson,  C.  &  N.-W.  railway,  April,  1895. 

RKCOKD  OF  STRATA. 

THICK  NIBS.         DBPTU. 

23.     Unknown 50  50 

22.     Sand 20  70 

21.     Gravel,  pebbles  of  northern  drift  and  sand    25  05 

*For  ioformatlon  of  this  well  we  are  indebte<1  to  Messrs.  B  F.  Philbrook  and  I.  L. 'Pease. 
Samples  of  the  drillings  belonging  to  Messrs.  L.  O.  Tyler  and  David  Miers  were  loanedjto  the 
Surrey. 
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THICKNESS.  DBPTH. 

20.     Gravel,  pebbles  of  northern  drift  at  150. 

19.     Shale,  drab,  at  225 75  300 

18.     Shale,  pink... 92  392 

17.     Sandstone,  grrains  varyin^^  widely  in  size 

and  imperfectly  rounded 8  400 

16.     Shale,  dark  drab 50  450 

15.    Shale,  black,  Don-calcareous 30  480 

14.    Shale,  pink  and  purplish 52  532 

13.     Limestone,  white,  soft,  chalky,  with  gray- 

green  shale. 68  600 

12.     Limestone,  white,  hard,  of  flnest  grain. ._     50  650 

11.     Limestone,     lij?ht    yellow-gray,     cherty, 

sampler*  at  650  and  703  feet 127  797 

10.     Limestone,  gray,  finely  crystalline,  frac- 
ture subconchoidal 23  820 

9.  Limestone,  magnesian,  or  dolomite,  sam- 
ples at  820,  875  and  8W  feet,  brown  and 
buff 160  970 

8.  Shale,  light  green-gray,  caV»areou8,  sam- 
ples at  97J  and.930 36  1,006 

7.     Limestone,  magnesian,  light  yellow-gray, 
and     shale,    green,    all     in     concreted 
•     ]K)wder 4  1,010 

6.  Limestone,  highly  argillaceous,  yellow, 
in  almost  white  i>owder,  samples  at 
1,010,  1,050,  1,093,1,184  and  1.241,  with 
gray -green  calcareous  shale  at  1,150 
feet 285  1,295 

5.     Shale,  bright  green,  non-calcareous 80  1,375 

4.  Dolomite,  buff,  pyritifcrous,  slightly  are- 
naceous      25  1,400 

3.  DoUmiite,  buff,  with  much  chert  carry  in  sf 
disseminated  crystals  of  pyrite,  with  a 
few  grains  of  limpid  quartz,  some  of 
which  are  rounded,  and  a  little  chalce- 
donic  silica 117  1,517 

2.  Dolomite,  highly  arenaceous,  or  calcifer- 
ous  sandstone,  grains  varying  in  size, 
many  coarse,  imperfectly  rounded 18  1,535 

1.  Dolomite. white,  in  fine  powder,  with  aren- 
aceous rounded  grains,  quartzy  and 
cherty  residue:  at  bott^mi  of  well  at 1,535J 

SUMMARY. 

On»aecoiint  of  their  lithological  characteristics  these  strata 
maybe  referred  to  the  following  formations,  not  indeed  with 
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any  certainty,  but  with  a  possibility  resting?  on  the  agreement 
of  all  the  indications  at  hand. 

N08.  FORMATION.  THICKNESS.         A.  T. 

20-23.     Pleistocene 

14-19.     Creta(reou8  and  Coiil  Measures __  569 

10-13.     Misslssippian. 288  281 

s-  9.     Devonian 186  95 

6-  7.     Silurian 289  -194 

1-  5.     (^rdovician,  penetrated 241  435 

XXXIV.      SARULA.* 
Owner Town. 

Depth 973  feet. 

Diameter 6  to  8  inches. 

Klevation  of  curb  A.  T.  ._ .')82  feet. 

Headof  water  A.T 666  feet. 

Flow  in  gallons  per  minute - 720. 

Temperature 59°  Fahr. 

Water  began  to  flow  from  this  well,  from  the  Saint  Peter, 
at  about  400  feet.  The  flow  was  reinforced  at  525  feet  from 
the  upper  Oneota,  and  at  7(K)  feet  from  the  lower  Oneota. 
From  these  sources  the  discharge  was  about  350  gallons  per 
minute.  At  950  feet,  in  the  Saint  Croix,  a  still  stronger  vein 
was  struck,  and  at  the  completion  of  the  well  the  discharge 
measured,  as  stated,  720  gallons  a  minute — a  magnificent 
fountain,  unequaled  by  any  in  the  state.  The  artesian  pres- 
sure of  thirty-two  pounds  is  sufficient  for  water  supply  and  fire 
protection  in  all  pjirts  of  the  village.  Eight-inch  casing 
reaches  163  feet  to  rock,  and  six-inch  galvanized  tubing 
extends  to  173  feet,  where  it  is  packed  with  rubber  packer. 
The  well  was  begun  by  J.  P.  Miller  &  Co.  in  November,  1894, 
and  finished  bv  this  firm  in  March,  1805. 

•' 

ANALYSIS. 

(mAIRS  PBB         PARTS  PER 
U.  8.  <}ALLON.  MILLION. 

Silica  (Si  Oji 174  .3.000 

Alumina (Alj  (>3)and  Kerrio oxide  (Fc,  O3)      .332  5.714 

Lime  (Ca  O) 4.350  76.000 

Magnesia  (M>r  O) 3.107  53.571 

Potash  (Kj  O) 

*A11  the  information  with  regard  to  tiie  well  at  Sabula  was  collected  aud  placed  at  the 
disposal  of  tliH  Survey,  tup^ether  with  a  series  of  samples  of  the  drillings  by  Mr.  W.  U.  Oake, 
then  mayor  of  t  he  town. 
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QRAUrS  PBR  PABT8  PSR 

U.  B.  GALLON.  MILLIOH. 

Soda  (Na,  O) 1.127  19.428 

Chlorine  (CI) Trace.  Trace. 

Sulphur  trioxide  (S  Oj) 994  17.143 

Carbon  dioxide  (C  O,) 10.168  175.143 

Water  in  combination  (H,  O) 1.284  22.143 

UNITED  AS  FOLLOWS 

Calcium  carbonate  (Ca  CO3) 7.764  133.867 

Magrnesium  carbonate  (Mg  CO3) 622  9.000 

Magnesium  bicarbonate  (Mg  H,  (CO3),).-  10.374  178.867 

Sodium  carlwnate  (Na,  CO«) 805  10.428 

Sodium  sulphate  (Na,  SOJ 1.766  30.286 

Potassium  chloride  (K  CI) 

Ahmiina  (Al,  O3)  and  Ferric  oxide 331  6.714 

Silica  (Si  (),) 174  3.000 

Solids 21.626  371.142 

Analyst,  Prof.  J.  R.  Weems,  Ames,  Iowa     Date,  April  12,  1896. 

RECOKD  OF  STRATA. 

THICKinBBS.     DBPTH. 

16.     Sand,  alluvial    163  163 

15.     Dolomite,  hard,  rough,  crystalline,  buA'  and 

gray,  some  vesicular,  ten  samples 212  375 

14.  Sandstone,  argillo-calcareous;  drillings  con- 
sist of  light  green-gray  powder,  with 
fragments  of  dark  gray  sandstone,  calcif- 
erous,  grains  not  so  well  rounded  and 
uniform  in  size  as  is  common  with  the 
Saint  Peter 26  400 

13.    Shale,  green,   fissile,  arenaceous,  slightly 

calcareous.. --    25  425 

12.  Sandstone,  grains  moderately  fine,  rounded 
and  ground;  a  large  proportion  of  drill- 
ings consist  of  angular  chips  of  gray  dolo- 
mite: much  green  shale  is  also  present, 
probably  from  the  sui)erior  shale -    25  460 

11.  Dolomite,  medium  dark  gray,  in  angular 
fragments,  clean  except  for  a  few  pieces 
of  green  shale 15  465 

10.  Sandstone,  light  to  yellow-gray,  highly  cal- 
ciferous,  or  dolomite  highly  arenaceous; 
drillings  consist  of  rounded  grains  of 
quartz  and  minute  angular  fragments  of 
dolomite,  in  some  of  the  larger  of  which 
quartz  sand  ?s  seen  imbedded 10  475 


PI,  Pleistocene.     GT,  Galena-Trenton.  Jr,  Jordan.  BoriioDMl 

Ng,  Niagara.         St  P.  Saint  Peter.        St  L,  Saint  Lawrence.    Scal«: 

Mq,  Moquoketa.    On,  Oneota.  BS,  Baeal  SandBtone.  Vertical 


GEOLOGICAL    SECTION    FROM    MANCHESTER  TO  TIPTON, 


THE  TIPTON  WELL.  261 

9.  Dolomite,  gray  and  light  brown:  drillings 
contain  sand  probably  from  above,  two 
samples - 35  510 

8.     Dolomite,  light  brown,  arenaceous 15  525 

7.     Dolomite,  gray  and  buff,  three  samples 50  675 

6.     Sandstone,  argillaceous  and  calciferous   ...     25  600 

5.    Chert,  in  fine  white  powder,  (jalciferous, 

two  samples     .  50  650 

4.    Dolomite,  gray,  cherty 90  740 

3      Dolomite,   white,   highly    arenaceous    and 

cherty -     10  750 

2.  Dolomite,  white,  cherty,  slightly  arena- 
ceous      25  775 

1.  Sandstone,  white,  calciferous.  cherty. 
grains  of  sand  mostly  f  ragmen tal  but  many 
rounded,  three  samples 35  810 

NOTES  AND  SUMMARY. 

The  curb  is  not  far  below  the  horizon  of  the  base  of  the 
Niagara,  in  whose  massive  dolomite  the  river  gorge  is  here 
cut  to  a  depth  of  nearly  200  feet.  No.  16  of  the  above  record, 
therefore,  represents  a  preglaeial  channel  of  the  Mississippi, 
excavated  in  the  Maquoketa  and  in  the  upper  strata  of  the 
Galena-Trenton.  Below  810  feet  no  samples  were  saved  on 
account  of  the  strong  flow. 

NOS.  FOKIfATION  THICKNESS.        DEPTH. 

16.  Alluvial  tilling  of  ancient  river  channel.  163  419 

■     16.  Galena-Trenton 212  207 

12-14.  Saint  Peter 75  132 

7-11.  Upper  Oneota 125  7 

6.  New  Richmond 25  -18 

2-  5.  Lower  Oneota  175  -193 

1.  Saint  Croix,  penetrated 198  -391 

XXXV.      TIPTON.* 
Owner Town 

Depth 2,696i  feet. 

Elevation  of  curb  A.  T 810  feet. 

Head  of  water  A  T. 745  feet. 

Diameter,  reported 8  inches. 

Temperature  57°  Fahr. 

The  supply  is  large.  It  is  said  that  the  water  cannot  be 
lowered  by  the  largest  pump  that  can  be  used.     It  certainly 

*  Reported  by  W.  H.  Trelchlor.  We  are  ladebK^d  also  to  Rey.  Dr.  Oharles  Gould.  Oapt. 
John  Mofflt  and  others. 
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is  far  in  excess  of  the  consumption,  which  in  1890  was  5,000 
gallons  per  day.  It  is  a  matter  of  regi'et  that  the  water  of 
this  interesting  well,  one  of  the  deepest  in  the  United  States, 
has  never  been  analj^-zed.  The  quality  for  drinking  purposes 
is  reported  as  good.  By  the  use  of  heaters  scale  in  boilers  is 
said  to  be  prevented.  ''The  water  appears  to  change;  at 
times  it  is  comparatively  soft  and  again  it  becomes  hard,"  a 
phenomenon  probably  due  to  the  exhaustion  by  pumping  of 
some  vein  of  moderate  yield  but  under  strong  pressure. 

RECORD  OP  STRATA. 

The  following  summary  is  published  with  some  changes 
from  the  author's  paper  on  the  thickness  of  the  Paleozoic 
formations  of  eastern  Iowa,  in  which  the  different  specimens 
of  the  drillings  are  fully  described. 

FORMATION.  THICKNKSS.     DEPTH.  A.  T. 

Pleistocene 125  125  CSo 

Silurian  (Niagara) 325  450  3G0 

Maquoketa 195  645  165 

Unknown .  100  745  65 

Galena 60  805  5 

Galena-Trenton 225  1,030  -220 

Saint  Peter 55  1,085  -275 

Oneota 377  1,462  -652 

.Jordan         154  1,616  -806 

Saint  Lawrence 186  1,^02  -992 

Basal  sandstone 894i  2,696^  -1,886* 

XXXVI.      AN  AMOS  A.* 

Owner State  Penitentiary. 

Depth 2,007  feet. 

Elevation  of  curb  A.  T.f 816  feet. 

Head  of  water  A.  T 760  feet. 

(Capacity  in  gallons  per  minute 300. 

This  well  was  drilled  by  J.  P.  Miller  &  Co.  in  ninety-nine 
days,  beginning  January  9,  189(5,  an  average  of  over  twenty 

*  Tlie  facts  conccrniDg  this  well  are  f urnlsbod  by  the  offlr*ials  of  the  penitentiary  and  the 
foreman  in  charge  of  the  drillings.  Samples  wore  contributed  by  Mr  John  Archibald  of  the 
institution. 

t  The  well  curb  is  thirteen  feet  lower  than  the  grade  at  the  Ohicavo,  Milwaukee  A  St.  Paal 
railway  station,  according  to  levels  made  ander  the  supervision  of  Mr  O.  M.  Brown  The 
elevation  of  the  station  is  given  by  Gannec  at  U30  A  T.  That  this  Is  incorrect  was  first  sns- 
pected  in  platting  tbe  geological  section  from  Manchester  to  Tipton,  on  account  of  the  abnor- 
mal dip  of  the  strata.  The  Chicago.  Milwaukee  &  St  Paul  Railway  Oo.'s  profiles  were  then 
obtained,  showing  the  true  elevation  of  the  station  to  be  HS9  A.  T. 
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feet  per  day.  The  boring  is  10  inches  in  diameter  for  96  feet,  8 
inches  to  290  feet,  6  inches  to  997  feet,  and  5  inches  to  2,007 
feet.  Ten-inch  casing  is  driven  into  rock  at  the  bottom  of 
the  ten-inch  bore,  and  the  well  is  also  eased  between  820  feet 
and  997  feet.  At  the  first  sandstone  at  860  feet,  the  water, 
which  so  far  had  stood  thirty  feet  below  the  curb,  sank  to 
fifty-six  feet  below  the  same  datum.  In  the  lower  Oneota, 
between  1,070  and  1,215  feet,  strong  flows  washed  all  drillings 
away. 

As  the  deep  pumps  are  not  j^et  in,  no  water  can  be  obtained 
for  analysis.  It  is  to  the  taste  an  excellent  drinking  water, 
and  its  introduction  will  certainly  improve  the  health  and 
lower  the  death  rate  in  the  institution. 

KEC?ORD   OV  STRATA. 

THICKNB88.  A.  T. 

41.     "Clay,  yellow'* 30  30 

40.     "Clay  and  sand" 46  70 

39.     "Quicksand" 2  78 

38.     Dolomite,  ligfht  bluish-j^ray.   cryHtalline, 

vesicular,  live  samples:  at  145  feet,  dark 

brown-gray  and  more  compact 137  215 

37.     Dolomite,  as  above,  cherty 20  235 

36.     Dolomite,    litrht    jjrey,    crystalline,     two 

samples 30  265 

35.     DolomiU;,  cream  colored  and  buff,  cherty, 

four  samples 60  325 

34.     Dolomite,   jrray,   in   llaky  chips.   arjjriHa- 

(!iou8,  lustre  earthy,  with  some  chert, 

two  samples 30  355 

33.     Dolomite,  blue-gray,  highly  argillaceous.      5  360 

32.     Shale,    green-gray,    slightly    calcareous, 

four  sam[)les 130  490 

31.     Dolomite,  brown,  somewhat  bituminous, 

blackens  in  closed  tube - 10  500 

30.     .Shale,  in  moulded  masses,  two  samples...     35  535 

2t).     Dolomite,   buff    and    gray,   hard,    rough, 

crystalline,   ten    samples:    at  075   feet, 

cherty 2o5  740 

28.     Limestone,  magn^sian,  blue-gray,  granu- 
lar, crystalline,  two  samples   30  770 

27.     Shale,  blue:  and  dark  brown,  bituminous.     30  800 
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THICKNIB8.  A.  T. 

26.  Liinestone.  magnesian,  or  dolomite,  buff- 
gray,  fine-grained,  crystallioe;  samples 
at  800  and  820  feet;  in  the  latter  sample 
are  found  fragments  of  magnesian  lime- 
stone which  may  extend  from  that  depth 
to  852  feet  52  852 

26.     *•  Shale, '»  no  f  ample 8  860 

24.     Sandstone,     clean    white    quartz,,    sand 

rounded  and  ground,  moderately  fine...    56  915 

23.  Shale,  green,  non-calcareous,  finely  lam- 
inated, (.containing  some  rounded  grains 
ofquartz* 40  956. 

22.    Dolomite,  light  yellow-gray 15  970 

21.     Shale,  in  large  fragments,  non-calcareous. 

green,  finely  laminated 20  990 

20.     Dolomite,  gray  and  white,  five  samples. ..  260  1,260 

19.     Sandstone,  light  blue-gray,  calciferous...     66  1,305 

18.     Sandstone,  clean  white,  grains  I'ounded-.     20  1,326 

17.     Sandstone,  white,  calciferous 20  1,345 

16.     Dolomite,  yellow-gray,  rough       35  1,380 

15.  Coloniite,  cream-yellow,  with  rounded 
grains  of  quartz  in  drillings,  two  sam- 
ples      35  ly4ir) 

14.     Dolomite,  from  white  to  brown 75  1,485 

13.  Sandstone,  red,  argillaceous  and  calcare- 
ous, of  micros(?opic  grain,  with  green 
grains  like  glauconite   5  1,490 

12.  Shale,  light  green-gray,  but  slightly  cal- 
careous       - 50  1,540 

11.     Dolomite,    fragments    mottled   pink    and 

gray 40  1.580 

10.  Sandstone,  cream-yellow,  buff  and  white, 
fine-grained,  four  samples;  softest  sand- 
stone in  well  by  driller's  log  180  1,760 

9.     Shale,  green,  fissile      10  1,770 

8.     Sandstone,  buff,  very  fine,  glauconiferous, 

three  samples      .- 45  1,815 

7.     Sandstone,  brick  red,  very  fine-grained, 

argil lo-calcareous,  glauconiferous 40  1,855 

6.     Sandstone,  as  above,  but  very  slightly  cal- 
ciferous      20  1,875 

5.     Sandstone,   gray   and   buff,   fine,   argillo- 
%  calcareous  at  1,890.  three  samples 20  1,895 

*  The  ex(reptlonal  thickness  assigned  to  these  shales  Is  supported  by  the  driller's  record 
that  the  worst  "ciive-rock  "  of  the  well  was  from  »2i>  to  990  feet. 
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TH1CKNB88.  A   T 

4.     Sandstone,  coarser,  with  green  shale 6  1,900 

3.     Sandstone,  gray,  moderately  tine  grains, 

angular,  hard 50  1,9>0 

2.    Sandstone,     white,     rounded     unbroken 

grains,  soft - 45  1,995 

1.    Sandstone,  light  pink,  sample  of  rounded 

grain  mostly  unbroken,  hard,  two  and 

one-half  hours  to  drill  five  feet,  sample 

not  a  quartzite 12  2,007 

SUMMARY. 
KOS.  FORMATIOH.  THICKNESS.  A.T. 

3^-41.  Pleistocene... 78  738 

33-38.  Niagara 282  456 

30-32.  Maquoketa. 175  281 

25-29.  Trenton 325  -44 

24.  Saint  Peter 55  -99 

20-23  Oneota 335  -434 

17-19.  Jordan    _ 95  -529 

11-10.  Saint  Lawrence 235  -764 

1-13.  Basal  sandstone 427  M91 

XXXVII.      MONTICELLO.  * 

Owner Town. 

Depth 1,198 

Elevation  of  curb  A.  T 820 

Head  of  water  A  T 780 

This  well  is  one  of  the  pioneer  artesians  of  the  state,  hav- 
ing been  drilled  in  1875.  About  200  gallons  per  minute  could 
be  pumped  at  first.  In  1893,  on  account  of  the  insuflficiency 
of  the  supply  from  the  well,  a  new  well  was  drilled  120  feet 
deep  and  connected  with  the  pumps.  Two  hundred  and  fifty 
gallons  per  minute  can  be  pumped  from  the  dual  supply  with- 
out lowering  the  water.  The  average  amount  pumped  is 
about  175  gallons  pei*  minute  and  thirty  or  forty  hours  pump- 
ing per  week  suflBces  for  the  needs  of  the  town.  The  water 
of  the  artesian  is  one  of  the  best  in  Iowa,  as  shown  by  the 
following  analysis. 

*For  information  respecting  thi^  well  we  are  indebted  to  Rer.  E.  O.  Waite.  Messrs.  O  B. 
Bicker  and  Bobert  Earhart,  Jr  ,  and  especially  to  the  generosity  of  Mr.  George  W.  Lovell.  who 
was  largely  concerned  in  putting  down  the  well  and  who  coctributcd  a  set  of  samplee  of  the 
drillings. 
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ANALYSIS. 

ORAINB  PBR  PARTS  PER 

n.  8.  r.ALl.<>Ef .  MILLION. 

Silioa(SiO,) 1.334  28  000 

Alumina  (Al,  O3)  and  Ferric  oxide  (Fe,  O,)    L4«7  26.2m 

Lime  (Ca  O) 7.946  137.000 

Magnesia  (Mg  O) 4:^9  7.571 

Soda  (Xa,  O) 3.033  52.286 

Chlorine  (CI) 340  5.857 

Sulphur  trioxide  (S  O,) 804  13.857 

Carlwn  dioxide  (C  0,1 10.498  181.000 

Water  in  combination  (Hj  O) 952  16.429 

UNITED  AS   FOLLOWS. 

Calcium  carbonate  (Ca  C03) 10.059  173.429 

Calcium  bicarbonate  (CalljtCoa)^) 6.711  115.714 

Magnesium  bicarbonate*  (Mg  H,  (Coa),)...     1.591  27.428 

Sodium  carl)onate  jNa,  C03) 3.596  62.000 

Sodium  sulphate  (Na,  S04) 1.425  24.572 

Scxlium  chloride  (Xa  (-1) .555  9.571 

Alumina  (Al,  0.j)  and  Ferri<»  oxide 1.467  25.286 

Silica  (Si  Oj) 1.334  23.000 

Oxygen  replatjed  by  Chlorine  (O) 075  1 .286 

Solids 26.813  462.286 

Analyst.  Prof.  J.  B.  Weems.     Date,  .Tulv26.  1896. 

(iEOLOtJICAL  SKirnON.* 

TIIIOKNBSS,      A.  T. 
FORMATION.  FEST.  FEET. 

Pleistocene 85  735 

Xiagara «._ 180  555 

Maquoketa 195  360 

Trenton 315  45 

Saint  Peter 25  20 

Oneota 340  -320 

.Fordan 58  -378 

XXXVIII.      VIXTOX.  •♦* 

Description  of  the  drillings  of  well  No.  1  and  record  of  well 
No.  2  will  be  found  in  the  author's  report  (Iowa  Geol.  Surv., 
vol.  Ill,  pp.  192-195). 

*  Drillings  are  described  in  fuli  in  author's  report  (lovra  Geo].  Sarv.,  vol.  Ill,  pp.  202-S08). 

tFor  information  respei'tinK  these  two  wells  we  are  indebted  to  Mr.  G.  B.  Hayes,  Dr.  A.  B. 
Fellows  and  the  late  Rev.  J.  W.  Clinton. 
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NO.  1.  NO.  2. 

Owner Town.  Town. 

Depth 1,287  feet.  1,425  feet. 

Diameter ......J 6  inches.  6  inches. 

Elevation  of  curb  A.  T 780  feet.  780  feet. 

Head  of  water  A.  T ■. 808^  feet.  808^  feet. 

Flow  in  gallons  per  minute 62.  50. 

Temperature .56°  Pahr.  560Fahr. 

Date  of  completion 1889.  1892. 

Drillers,  W.  N.  Casey  &  Son,  A.  K.  Wallen. 

These  two  wells  form  the  supply  of  the  water  works  of  the 
town  and  are  thus  used  by  about  one-third  of  its  inhabitants. 
They  have  shown  no  change  in  their  flow  from  the  first.  Cas- 
ing in  each  extends  to  620  feet,  packed  in  No.  2,  with  a  lead 
sleeve  at  bottom.  At  1 25  feet  a  sulphurous  water  was  struck, 
which  rose  to  eight  feet  from  the  surface.  This  is  from  the 
horizon  of  the  Independence  shale,  which  is  highly  pyritifer- 
ous.  The  excellent  supply  was  found  in  the  Saint  Peter  and 
underlying  sandstones. 

ANALYSIS. 

OBAIN8 IN 

n.  8   GALLON 

Calcium  carbonate __.     6.940 

Magnesian  carlwnato . 4.827 

Calcium  sulphaU* 5.7-6 

Sodium  8ul])hate 8.605 

Sodium  chloride 128 

Silica :U9 

Oxide  of  iron  and  alumina 1.401 

Total  solids 27.996 

GEOLCKHC'AL  SECTION  OF  WELL  NO.    1. 

THICKNK3S,      A    T. 
FORMATION.  FIET.  F^ET. 

Pleistocene  and  Recent 115  665 

Devonian  (Wapsipinicon)., 20  645 

Niagara 215  430 

Maquoketa 289  161 

Trenton 401  -240 

Saint  Peter 55  -295 

Upper  Oneota 210  -505 

New  Richmond  penetrated . 2  -507 
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IV.      THE  DAVENPORT-DES   MOINES  SECTION. 

In  this  section,  as  in  the  one  from  Clinton  to  Dunlap,  there 
is  exhibited  a  gentle  anticline  at  the  east,  the  crest  trending 
from  northwest  to  southeas£.  To  the  south  it  connects  with 
an  anticline  of  Ordovician  strata  extending  from  east  of  Wash- 
ington to  Keokuk.  From  Homestead  to  Des  Moines,  a  dis- 
tance of  ninety  miles,  the  summit  of  the  Maquoketa  and  that 
of  the  Saint  Peter  each  seems  to  descend  nearly  700  feet,  a  dip 
of  about  seven  and  one-half  feet  to  the  mile.  This  dip  is 
increased  by  the  fact  that  Des  Moines  lies  thirteen  miles 
south  of  the  latitude  of  Homestead,  and  doubt  is  cast  upon 
its  exactness  by  the  lack  of  accuracy  of  the  Homestead 
record.  Prom  Grinnell  to  Des  Moines  the  dip  of  the  summit 
of  the  Maquoketa  is  over  eleven  feet  to  the  mile.  Measures 
of  the  southward  dip  from  the  Clinton-Dunlap  section  are 
obtained  on  the  Maquoketa  shale  of  nearly  eleven  and  a  half 
feet  to  the  mile  from  Boone  to  Des  Moines,  and  of  six  and 
one-third  feet  to  the  mile  from  Vinton  to  Homestead.  The 
dips  of  the  Saint  Peter  between  these  stations  are  about  the 
same  as  those  of  the  Maquoketa,  except  from  Vinton  to 
Homestead,  where  it  is  only  six  feet  to  the  mile. 

CARBONIFEROUS. 

The  section  graphically  presents  the  attitude  of  the  Coal 
Measures  in  Central  Iowa.  The  Western  coal  field  extends 
eastward  nearly  to  Grinnell;  the  Central  coal  field  extends 
from  Illinois  to  Davenport,  and  the  lie  of  the  land  shows  how 
readily  both  may  have  met  and  joined  in  such  outliers  as 
those  near  Homestead  and  Iowa  City. 

No  attempt  is  made  to  subdivide  the  Mississippian  above 
the  Kinderhook.  At  Des  Moines,  if  the  section  is  rightly 
interpreted,  the  heavy  limestones  of  the  series  have  disap- 
peared, leaving  for  the  most  part  cherty  shales. 

DKVONIAN. 

The  Devonian  is  exposed  nearly  to  its  basal  strata  on  the 
Mississippi    river    at    Davenport,   where   calcareous    shales 
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characteristic  of  the  Cedar  Valley  stage  rest  upon  limestones 
of  the  Wapsipinicon  stage.  Of  these,  the  upper  Davenport 
and  the  lower  Davenport  extend  downward  to  the  level  of  low 
water.  *  Beneath  this  level  one  may  expect  the  Independence 
shale  and  the  Otis  limestone.  Shales  doubtfully  referred  to 
the  Independence  were  disclosed  in  one  boring.  The  Devon- 
ian probably  extends  about  forty-five  feet  below  low  water  in 
the  Mississippi,  a  dimension  about  two-thirds  of  the  thickness 
of  the  Independence  and  Otis  in  Linn  county.  The  excep- 
tional width  of  the  Devonian  outcrop  west  of  Davenport  is 
due  largely  to  the  low  anticline  already  referred  to.  To  the 
westward  the  Devonian  seems  to  pass  rapidly  into  shales 
which  cannot  be  separated  fi*bm  the  Kinderhook  except  bj" 
arbitrary  divisions.  At  Grinnell  this  great  body  of  shale  is 
about  500  feet  thick,  and  the  division  made  rests  on  slight 
grounds  of  stratigraphic  probability  onl3\  The  probabilities 
in  its  favor  will  best  be  seen  if  the  sections  crossing  Grinnell 
from  Manchester  and  Marshalltown  are  compared  with  Plate 
XVII.  In  the  Manchester-Grinnell  section,  especially,  the 
control  is  apparent  which  is  exercised  by  the  accepted  areal 
distribution  of  the  Mississippian  and  Devonian. 

SILURIAN. 

The  Silurian  preserves  the  usual  characteristics  of  the 
Niagara  dolomite  as  far  west  at  least  as  Homestead.  At 
Grinnell  less  than  fifty  feet  assigned  to  the  series  is  dolomite, 
but  much  of  the  remainder  is  cherty.  At  Des  Moines  there 
rest  upon  the  Maquoketa  fifty-five  feet  of  buff  cherty  dolo- 
mite. To  this  succeed  twenty-two  feet  of  cherty  and  arena- 
ceous limestone,  and  to  this  some  430  feet  of  limestone,  in 
part  cherty  and  magnesian,  but  wliose  special  characteristic 
is  the  presence  at  several  horizons  of  more  or  less  gypsum. 
No  other  method  of  division  offering  itself,  the  gypsum  beds 
are  all  included  in  one  formation,  and  that  referred  to  the 
Silurian,  the  only  Paleozoic  series  in  Iowa  known  to  contain 

•Proc.  Iowa  Acad.  Sol.,  pt.  IV.  pp.  22-34. 
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gypsum  in  association  with  limestone.  The  thickness  thus 
given  to  the  Silurian  is  in  excess  of  that  expected,  but  it 
presents  no  serious  stratigraphic  diflBculty.  Together  with 
the  Silurian,  the  Trenton  thickens  to  the  westward,  and,  not- 
withstanding the  related  thinning  of  the  Maquoketa,  the 
effect  is  to  nearly  fill  level  the  Des  Moines  trough  from 
Grinnell  westward. 

MAQUOKETA. 

The  western  attenuation  of  the  Maquoketa  gives  it  a  thick- 
ness of  but  thirty-three  feet  at  Des  Moines.  Beyond  the 
constant  uncertainty  of  our  records,  the  only  doubt  attaching 
to  the  placing  of  this  shale  in  the  section  is  concerned  with 
the  shale  at  Grinnell  at  1,260  feet.  If  this  is  Maquoketa,  the 
limestone  above  represents  the  intermediate  dolomite  so  fre- 
quently seen  on  the  other  sections,  but  elsewhere  absent 
from  this. 

TRENTON. 

The  Galena-Trenton  gradually  increases  in  thickness 
towards  Des  Moines,  until  at  that  station  it  reaches  its  max- 
imum in  Iowa  —  unless  it  be  at  Calmar — a  thickness  of  508 
feet.  At  Davenport  the  Galena  is  distinguished.  At  Home- 
stead three  samples  only  are  furnished,  all  of  lower  Trenton 
type,  and  one  of  these  is  from  near  the  top,  where  Galena 
dolomite  would  be  expected.  At  Grinnell  the  non-magnesian 
limestones  of  the  Trenton  have  nearly  disappeared  and  at  Des 
Moines  the  entire  formation  consists  of  dolomites  and  shales. 
Curiously  the  thin  band  of  highly  fossiliferous  gi*een  shale 
near  the  base  of  the  Trenton,  noted  at  Manchester  and  Ames, 
recurs  at  Grinnell  and  at  Des  Moines. 

THE   MAGNESIAN   SERIES   AND  THE   BASAL  SANDSTONE. 

One  or  both  of  these  terranes  are  deeplj"  penetrated  by  four 
wells  on  the  line  of  this  section,  but  unfortunately  we  have  a 
complete  set  of  samples  of  rocks  from  but  one,  the  Greenwood 
Park  well  at  Des  Moines.  At  Davenport  the  record  permits 
no  division  of  the  magnesian  series.     At  West  Liberty  and 
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Homestead  the  New  Richmond  and  Jordan  sandstones  are 
fairly  well  defined.  The  resemblance  of  the  grains  of  the  New 
Richmond  at  West  Liberty  in  their  secondary  crystalline 
enlargements,  to  those  of  the  same  horizon  in  Allamakee 
county  noted  by  Calvin*  is  striking,  even  though  accidental. 
It  is  possible  that  the  Jordan  at  Homestead  and  West  Liberty  is 
continuous  with  the  sandstone  below  -1,400  feet  A.  T.  at  Daven- 
port, but  more  probably  they  belong  above  -1,300  feet  A.  T. 
at  the  latter  station  but  are  not  mentioned  in  the  drillers* 
records.  From  West  Liberty  to  Des  Moines  the  Upper  Oneota 
maintains  a  thickness  of  from  100  to  nearlv  200  feet,  and  at 
the  latter  point  is  noticeably  shaly.  The  Lower  Oneota  is 
highly  arenaceous  at  West  Liberty.  At  Homestead  it  appears 
to  be  nearly  300  feet  thick.  Its  lower  limit  is  drawn  with 
great  diflSculty  at  Des  Moines.  The  main  body  of  175  feet  of 
uninterrupted  dolomite  ends  at  -1,546  A.  T.  and  this  is  here 
taken  as  the  lower  limit  of  the  Oneota.  Beneath  this  occur 
thin  beds  of  interstratified  sandstones,  shales  and  dolomites, 
ending  at  -1,608  A.  T.  in  thirty  feet  of  arenaceous  dolomite, 
and  we  should  have  few  objections  to  extending  it  to  this, 
depth.  This  is  practically  the  limit  of  the  dolomites  of  the 
section.  From  the  New  Richmond  downward,  no  saccharoidal 
sandstone  occurs  at  Des  Moines,  until  the  depth  of  -1,878  A. 
T.  is  reached.  This  sandstone,  130  feet  thick,  may  perhaps 
represent  the  Jordan,  but  it  seems  best,  on  the  whole,  to  place 
it  with  the  Basal  sandstone,  leaving  332  feet  above  it  to  the 
undifferentiated  Saint  Croix.  At  Davenport  the  Basalsand- 
stone  was  penetrated  nearly  400  feet,  at  Des  Moines  250  feet. 
The  distance  to  the  Algonkian  at  either  point  cannot  be  con- 
jectured. 

Artesian  Comlitions. 

The  conditions  governing  the  artesian  supply  along  this 
section  are  practically  the  same  as  in  the  section  from  Clin- 
ton to  Boone.  Small  flows  valuable  for  medicinal  purposes 
occasionally  may  be  secured  from  the  Mississippian.     The 

♦  Iowa  Geol.  Surv.,  vol.  IV.,  p.  68. 
23  Q.  Rep. 
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Niagara  and  Galena-Trenton  may  yield  a  larger  quantity 
which  exceptionally  may  prove  sufBoient  for  town  supply. 
Apart  from  the  immediate  vicinity  of  the  Mississippi  valley, 
the  Saint  Peter  can  not  be  depended  upon  to  furnish  a  suflB- 
cient  yield,  and  recourse  should  be  had  to  the  Oneota  and 
Jordan.  East  of  Grinnell  these  will  yield  generously,  but 
toward  Des  Moines  the  sandstones  below  the  Saint  Peter 
largely  lose  their  open  texture.  The  Basal  sandstone  is  found 
at  such  depths  over  much  of  the  section  that  the  expense  of 
reaching  It  must  be  considered.  The  chemical  analyses  of 
the  artesian  waters  along  this  section  show  that  west  of  Wil- 
ton artesian  water  will  not  be  found  carrying  in  solution  less 
than  from  sixty  to  one  hundred  grains  of  solids  to  the  gallon, 
and  the  mineralization  may  be  still  greater  if  all  waters 
above  the  Saint  Peter  are  not  excluded. 

XXXIX.       DAVENPORT.  * 
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In  number  of  artesian  wells  Davenport  slightly  outranks 
any  other  town  in  the  state.    The  exploitation  of  the  field  is 

*  Fen  loCKl  arteslftD  baslas  at  tbe  United  States  buve  been  so  thorough Ir  itadled  ai  ha* 
tbedlstrlctof  DsTenport,  Mollne  and  Rock  Island  bj  Pror.  J,  A.  Uddea,  of  the  Uiter  town. 
PioreaBorUdden'a  paper  will  goon  appear  in  the  Seveateenth  Annual  Be  poet  ot  the  Dnlled 
States  Geological  Survey,  and  be  very  Rpnerously  placed  In  our  hands  the  notes  npon  vhlcb 
his  manuscript  la  bnsed.  We  are  also  Indebted  to  the  owners  of  several  wells  for  inlorniMloii 
andtoHr  A.  9.  Tiffany,  F.  O.  S.  A.,  who  loaned  bli  sets  ol  drlUlnga  trom  the  Elmball  boOM 
and  tbe  clt7  park  wells. 
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comparatively  recent.  Nine  of  the  fourteen  wells  were  drilled 
during  the  present  decade.  This  extension  of  the  use  of  artesian 
water  has  taken  place  in  the  face  of  the  fact  that  the  city 
water  supply,  drawn  from  the  Mississippi  river,  passes 
through  one  of  the  largest  mechanical  or  rapid  filtering 
plants  in  the  United  States,  The  preference  for  artesian 
water  on  the  part  of  large  consumers  is  probably  due  in  part, 
in  the  majority  of  instances,  to  its  relative  cheapness.  In 
one  instance  a  well  was  put  down  simply  "to  bring  the  water 
company  to  terms." 

The  first  flow  of  the  wells  of  this  district  rises  from  about 
479  feet  A.  T.,  near  the  base  of  the  Devonian.  This  may 
represent  the  natural  springs  which  rise  from  the  Independ- 
ence shale  in  other  counties,  and  indeed  the  shale  near  this 
level  of  the  Kimball  house  record,  preserved  by  the  Daven- 
port Academy  of  Science,  may  be  the  Independence  rather 
than  a  cavern  filling  as  held  by  Udden.  The  water  is  corro- 
sive in  quality  and  insignificant  in  quantity.  A  second  flow 
is  obtained  in  the  Galena  limestone,  at  depths  from  -108  A.  T. 
to  -242  A.  T.  This  is  the  so-called  ''upper  water,"  and  is 
impregnated  with  sulphureted  hydrogen.  To  enjoy  the  char- 
acteristic taste  and  odor  of  the  gas,  the  water  must  be  taken 
immediately  from  the  well.  Aeration  and  relief  from  pres- 
sure pennit  an  escape  of  the  gas  so  rapid  and  so  complete 
that  chemists  rarely  find  traces  of  its  presence  in  samples 
sent  to  their  laboratories  for  analysis.  The  water  is  usually 
separated  by  tubing  from  the  lower  flows.  The  yield  is  gen- 
erous, amounting  in  the  Witts'  well  to  300  gallons  a  minute, 
and  at  Carbon  Cliff,  111.,  to  4(X)  gallons.  At  Davenport  the 
head  is  reported  somewhat  lower  (less  than  ten  feet)  than 
that  of  the  water  from  the  Saint  Peter.  At  Carbon  Cliff  the 
reported  pressure  equals  a  head  of  684  feet  A.  T. 

The  third  water  horizon  lies  in  the  Saint  Peter  sandstone, 
whose  depth  is  variously  reported  in  different  wells  at  from 
-376  feet  A.  T.  for  the  summit  to  -577  feet  A.  T.  for  the  base. 
This  flow  has  furnished  so  far  most  of  the  discharge  of  the 
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Davenport  basin.  Other  flows  unspecified  in  the  extant 
records,  occur  in  the  Oneota  and  the  sandstones  of  the  Saint 
Croix,  and  under  greater  pressure  and  with  heavier  discharge 
if  we  may  judge  from  the  wells  at  the  city  park  and  the 
glucose  factory. 

ANALYSES. 

The  following  analyses  indicate  the  qualities  of  the  waters 
from  their  different  horizons,  excepting  that  from  near  the 
base  of  the  Devonian.  The  first  of  the  Witts'  well  is  from 
the  Galena.  The  second,  of  the  Crystal  Ice  Co.  's,  is  from 
the  Saint  Peter  only,  all  upper  waters  being  shut  off  by 
tubing  1,067  feet  in  depth.  The  analyses  from  the  glucose 
factory  well  probably  represent  admixtures  with  the  deeper 
waters  below  the  Saint  Peter. 

WITTS'  BOTTLING  WORKS. 

OBAINB   PER         PARTS  PER 
U.  B.  OALLON.         MILLION. 

Calcium  carbonate 2.1480  36.80 

Mag^nesium  carbonate. 1.6031  27.47 

Iron  carbonate 4488  7.69 

Sodium  carbonate 16.4457  281.75 

Sodium  sulphate 23.4069  401.01 

Sodium  chloride 26.1763  448.40 

Silica 4377  7.50 

Total 70.6658  1212.50 

Analyst,   E    T.   Burghausen,  chemical  works,   Cincinnati.     Authority,  J.  A. 
Udden. 

CRYSTAL  ICE  AND  COLD    STORAGE  CO. 

GRAINS    FEB         PARTS  PER 
U.  S.  GALLON.         MILLION. 

Silica  (Si  O,) 497  8.571 

Alumina  (AI2  Os) f  109  q  \A*i 

Ferric  oxide  (Fe,  Os) S         •*®-  '^•**'* 

Lime  (Ca  O) 1.624  28.0  0 

Magnesia  (Mg  O) 530  9.143 

Potash  (K,  O) 

Soda  (Naj  O) 31.834  548.857 

Chlorine  (01) 15.859  273.429 

Sulphur  trioxide  (S  0,) 13.282  229.000 

Carlwn  dioxide  (C  O,) 9.139  157.571 

Water  in  combination  (H,  O) 829  14.286 

Free   (CO,) [1.110]  [19.143] 
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UNITED  AS  FOLLOWS. 

GRAINS  PER  PARTS  PER 

n.  B   OALliON.  MILLION. 

Calcium  bicarbonate  (Ca  H,  (COa)  ,) 4.690  80.8;57 

Magnesium  bicarlwnate  (Mg  Hj  (COg),  )      1.922  33.143 

Ferrous  bicarbonate  (Fe  H,  (COa)  2) 40«  7.C00 

Sodium  carbonate  (Na  CO3) 12.677  218.671 

Sodium  sulphate  (Na,  SOJ 23.705  408.714 

Potassium  chloride  (K  CI) ..  

Sodium  chloride  (Na  01) .* 26.266  452.857 

Alumina  (AI2  Og) Trace.  Trace. 

Silica  (Si  O,) 497  8.671 

Oxygen  replaced  by  chlorine  (O) 3.613  62.287 

Solids 73.776  1272.000 

Analyst,  Dr  J.  B.  Weems,  May  27,  1896. 

The  waters  of  the  Wagner  Brewery  well  at  Rock  Island, 
III.,  the  Paper  Mill  well  at  Moline,  1,628  feet  deep,  and  of  the 
East  Moline  well,  1,340  feet  deep,  are  similar  in  chemical 
composition  to  those  of  the  Witts'  well  and  the  Crystal  Ice 
Co/s.  If  the  "upper  water"  is  not  mixed  with  the  lower  in 
all  these  wells  (excepting,  of  course,  Witts'),  this  marked  sim- 
ilarity, closely  approaching  in  some  instances  practical  iden- 
tity, strongly  suggests  that  the  upper  water  from  the  crevices 
of  the  Galena  really  rises  from  the  horizon  of  the  Saint  Peter 
or  even  from  still  lower  veins,  and  this  assumption  is  rein- 
forced by  the  volume  and  head  of  the  (ialena  water.  On  the 
other  hand,  the  presence  of  sulphureted  hydrogen  in  the 
upper  water  supports  the  assumption  that  it  is  native  to  the 
Galena. 

GLUCOSE  FACTORY   (WELL  UNKNOWN). 

ORAINA  IN 
COMPOUNDS.  n.  S.  GALLON. 

Calcium  biearlxmate . 5.132 

Magesium  bicarbonate 4.770 

Calcium  sulphate 5.540 

Sodium  sulphate 16.006 

Sodium  chloride 28.080 

Alumina 0.361 

Silica  and  untwluble  residue 0.210 

Total 60.195 

Analyst-,  Chemist  of  Co.  (?).    Authority,  D.  \V.  Mead,  Hydrogeolo^^y  of  Illinois. 
Table  X. 
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GLUCOSE  FACTORY  (WEti.  UNKNOWN). 

PABT8  PER 
OOMPOUNDS.  MIIJJON. 

Calcium  carbonate 202.0 

Magnesium  carbonate 110.0 

Sodium  carbonate 7.0 

Sodium  sulphate 364.0 

Sodium  chloride .* 833.0 

Insoluble 226.0 

Total 1,742.0 

Analyst,  E.  Guteman,  Davenport.    Authority,  J.  A.  Udden. 

PERMANENCE  OF  THE  PRESENT  SUPPLY. 

The  original  head  of  the  earlier  wells,  from  1,000  to  1,200 
feet  deep,  is  exemplified  in  that  of  the  Kimball  House  and  of 
the  Woolen  Mills  wells— a  head  of  from  637  to  651  feet  A.  T. 
The  wells  drilled  in  1891  and  1892  show  no  original  head 
higher  than  631  feet,  and  in  two  wells  the  head  was  only  60 
and  612  feet  A.  T.  From  1893  to  1895  the  water  rose  in  new 
wells  of  this  depth  to  from  606  to  615  feet  A.  T.  In  old  wells 
it  is  impossible  to  state  how  much  of  the  loss  of  pressure  is 
due  to  leakage  from  various  causes.  The  well  at  the  woolen 
mill,  for  example,  lost  sixty-two  feet  of  head  in  the  first  three 
years  after  it  was  drilled.  About  300  feet  of  easing  was  then 
taken  out,  much  corroded  and  in  places  perforated.  When 
new  tubing  to  that  depth  was  adjusted,  the  water  rose  to  a 
tank  ten  feet  higher  than  the  head  before  repairs  were  made. 
How  much  higher  it  would  rise  was  not  tested.  That  any 
overdraft  is  local,  is  shown  by  the  fact  that  in  1894  the  village 
well  at  Milan,  thi'ee  miles  south  of  Rock  Island,  headed  at  635 
feet  A.  T.  In  Davenport,  at  least  the  deeper  wells,  from 
1,800  to  2,100  feet  deep,  maintain  nearly  their  original 
pressures. 

In  summation,  we  may  say  that  the  supply  available  to 
wells  less  than  1,200  feet  deep  is  being  overdrawn.  All  wells 
should  be  kept  in  thorough  repair.  Anj^  considerable  increase 
in  the  number  of  the  wells  in  the  district  will  probably  make 
pumping  necessaiy  in  all  the  wells  of  this  depth.  But  the 
larger  reser voire  below  the  Saint  Peter  show  little  or  no 
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signs  of  exhaustion,  and  the  limit  of  their  supply  may  be  far 
from  being  reached. 

GEOLOGICAL  SECTION. 

The  first  attempt  to  interpret  the  relations  of  the  deeper 
strata  at  Davenport  was  made  by  Mr.  A.  S.  Tiffany.  *  This 
was  based  upon  samples  obtained  by  him  from  the  well  at  the 
city  park.  As  an  illustration  of  the  pains  sometimes  needful 
to  secure  these  valuable  data,  it  may  be  said  that  Mr.  Tiffany 
made  fifty  trips  to  the  well,  involving  some  300  miles  of 
travel.  Abridged  and  slightly  rearranged,  and  the  elevations 
A.  T.  being  added,  Mr.  Tiffany's  section  is  as  follows. 

ELEVATION 
FORMATION.  THrCKNBSS.  DEPTH.  A.  T. 

Drift 100  100  604 

Coal  Measures 30  130  574 

Corniferous 390  520  184 

Lower  Helderberg  (Le  Claire) ...     80  600  104 

Niagara 175  775  -71 

Cincinnati  and  Trenton 300  1,075  -371 

Saint  Peter,  Calciferous 100  1,175  -471 

Other  groups,  Calciferous 622  1,797  -1,093 

The  samples  from  this  well  and  from  that  at  the  Kimball 
house  were  kindly  placed  by  Mr.  Tiffany  at  the  service  of  the 
writer  and  have  been  described  by  him  in  detail.*  It  was 
found  impracticable  to  reconcile  the  records  of  the  two  wells, 
and  a  large  part  of  each  section  was  left  undetermined  as  to 
the  age  of  the  strata.  For  example,  the  horizon  of  the 
Maquoketa  shale,  although  242  feet  thick  at  the  Kimball 
house  well,  was  represented  in  the  samples  of  the  Park  well 
only  by  several  samples  of  non-argillaceous  dolomite.  The 
presence  of  interbedded  layers  of  dolomite  in  the  Maquoketa 
is  not  strange,  but  the  absence  of  any  shale,  or  record  of 
shale,  is  singular.  The  following  was  the  author's  section 
based  upon  these  data. 

*  American  Geologist,  vol.  Ill,  pp.  117-118. 

•  Iowa  Geol.  Surv.,  vol.  Ill,  pp.  200-202. 
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ELEVA- 
FORMATION.  THICKNESS.        TION  A.  T. 

Pleistocene  or  recent 13  566 

Devonian 115  451 

Upper  Silurian 320  131 

Maquoketa 242  -111 

Galena-Trenton 425  -536 

Saint  Peter  sandstone 90  -626 

Thus  the  great  body  of  the  strata  referred  by  Tiffany  to  the 
Corniferous  was  placed  with  the  Niagara,  the  base  of  the 
Devonian  being  lifted  267  feet. 

Since  the  publication  of  the  author's  paper,  Prof.  J.  A. 
Udden,  of  Rock  Island,  has  collected  and  most  skillfully  col- 
lated a  large  amount  of  data  from  the  three  adjoining  cities, 
including  some  well  records  and  series  of  drillings  from  the 
Illinois  towns  that  are  specially  complete  and  reliable.  The 
general  geological  section  which  he  has  constructed  from 
these  must  be  a  close  approximation  to  the  fact. 

ELEYA- 
FORMATION.  THICKNESS.     TION  A.  T. 

14.  Devonian .    55  500 

13.  Niagara 340  160 

12.  Maquoketa 2^3  -63 

11.  Galena     244  -307 

10.  Trenton 100  ^07 

9.  Shale 41  -448 

8.  Sandstone 76  -524 

7.  Shale 66  -590 

6.  Lower  magnesian 800  -1,390 

5.  Sandy  shale 35  -1,427 

4.  Arenaceous  limestone 27  -1,452 

3.  Sandstone. 145  -1,597 

2.  Calcareous  shale 75  -1,672 

1.  Sandstone. 97  -1,769 

Nos.  1-5  are  referred  by  Professor  Udden  to  the  Potsdam  and  Nos.  7-9  are 
included  in  the  Saint  Peter. 

After  a  close  examination  of  all  the  facts  in  the  case, 
involving  the  conflicting  records  of  about  a  dozen  wells,  we 
find  few  changes  to  suggest,  and  these  in  points  of  minor 
detail.  We  should  incline  to  place  the  base  of  the  Devonian 
at  about  475  A.  T.,  relying  upon  the  recorded  samples  of  the 
Kimball  House  well,  and  other  data,  and  would  follow  these 
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same  sources  of  information  and  the  records  of  the  Davenport 
Academy  of  Science  in  placing  the  limits  of  the  Maquoketa  at 
131  A.  T.  and  -109  A.  T.  The  records  of  the  Saint  Peter  are 
singularly  conflicting.  The  reported  top  of  this  sandstone 
varies  from  -376  A.  T.  to  -485  A.  T.,  and  its  base  from  -456  A. 
T.  to  -577  A.  T.  It  will  be  noted  that  while  we  limit  the 
Saint  Peter  to  the  sandstone.  Professor  Udden  joins  with  it 
the  shales  immediately  below  and  above,  which  we  have 
allotted  to  the  Trenton  and  to  the  Upper  Oneota.  Below  the 
Saint  Peter  the  section  rests  upon  the  records  of  three  wells. 

GLUCOSE  FACTORY,   DAVENPORT,   562  A.  T. 
STRATA.  THICKNESS.  DEPTH.  A.  T. 

Surface  material 52  52  510 

Limestone,  bluish 410  152 

Shale 635  -73 

Limestone 970  -408 

Shale      30  1,0C0  -438 

Sandstone,  Saint  Peter 42  1,042  -480 

Limestone,  sandy 530  1,572  -1,010 

No  record. 258  1,830  -1.268 

Shale 40  1,870  -1,308 

Limestone,  sandy 20  1,890  -1,328 

Sandy  rock 160  2,050  -1,488 

Shale •.     50  2,100  -1,638 

MOLINE  PAPER  CO  ,   £64  A.  T. 
STRATA.  THICKNESS.  DEPTH.  A.  T. 

Sandstone  (Saint  Peter) 65  1,141  -577 

Red  marl  and  limestone 316  1,457  -893 

Sandstone 121  1,578  -1,014 

Limestone 50  1,628  -1,064 

MITCHELL  &   LYNDE'S  BUILDING,  ROCK  ISLAND,  558  A.  T. 
STRATA.  IHICKNEBS.        DEPTH.  A.  T. 

Sandstone,  Saint  Peter  145  1,104  -546 

Limestone    811  1,915  -1,357 

Sandstone,  compact 30  1,945  -1,387 

Limestone.. 35  1,980  -1,422 

Sandstone 130  2,110  -1,552 

Shaly  limestone  and  shale 75  2,185  -1,627 

Sandstone 97  2,282  -1,724 

According  to  these  records,  the  base  of  the  Lower  Magne- 
sian  cannot  well  be  below  -1,357  feet  A.  T.  and  may  more 
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probably  be  placed  not  below  -1,268  feet  A.  T.  with  the  glu- 
cose factory  record,  which  is  more  exact  in  other  details  than 
that  of  the  Mitchell  and  Lynde's  boring.  Nor  will  these 
records  allow  us  to  extend  the  section  below  -1,724  A.  T.  In 
the  absence  of  frequent  samples  showing  the  true  nature  of 
the  different  strata  from  the  base  of  the  Saint  Peter  to  -1,268 
A.  T. ,  in  view  of  the  character  of  the  strata  of  Magnesian 
series,  which  often  causes  even  a  geologist  to  hesitate  as  to 
whether  to  call  them  limestones,  sandstones  or  shales,  and  in 
view  of  the  121  feet  of  sandstone  included  in  the  record  of 
the  Moline  Paper  Co.,  it  seems  preferable  to  leave  indeter- 
minate the  base  of  the  Oneota,  or  Lower  Magnesian,  and  to 
place  the  base  of  the  entire  Magnesian  series,  including  the 
Saint  Lawrence,  at  -1,328,  the  base  of  the  last  limestone  in 
the  glucose  factory  record.  The  sandstone  and  shales  below 
this  will  fall  in  with  the  Basal  sandstone  of  the  Saint  Croix. 

XL.      WILTON.  * 

Owner Town. 

Depth 1,360  feet. 

Elevation  of  curb  A.  T 683  A.  T. 

Head  of  water  A.  T 6*^44  A.  T. 

Diameter 8  inche8-6  inches. 

Dischargfo  in  gallons  per  minute 300. 

This  well,  begun  in  1887  and  finished  in  1891,  is  cased  to  900 
feet,  at  which  depth  the  first  flow  was  obtained.  In  the 
absence  of  record  or  samples  of  the  drillings  it  is  impossible 
to  state  whether  this  flow  at  217  below  tide  is  from  the 
Galena  or  the  Saint  Peter.  The  water  is  more  generally  used 
by  the  inhabitants  of  the  town  than  is  common  among  Iowa 
villages  of  its  size  having  water  works;  the  number  of  taps 
being  110.     The  flow  continues  undiminished. 

ANAI^YSIS.  ORAINB  PUR 

U.  S.  GAL.LOM. 

(,-alcium  ciirlwnate 10.47 

Magcnesium  carl)onate 6.45 

Sodium  chloride 18.56 

Sodium  sulphate - 33.45 

Iron  oxide  and  alumina. Traces 

Total 69.49 

Analysts,  Mariner  and  Haskins,  Chicago.  Authority,  letter  of  Mr.  J.  L.  Giesler. 

•Reported  by  Mr.  J.  L  Giesler. 
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Physicians  of  the  village  report  that  the  water  is  laxative 
and  diuretic,  and  beneficial  in  cases  of  rheumatism.  Its  con- 
tinued use  is  stated  by  one  physician  not  to  bring  on  any  dis- 
orders of  the  digestive  tract  or  the  kidneys;  another  cannot 
say  whether  a  continued  use  of  it  for  years  would  not  be  detri- 
mental to  health.  On  account  of  its  corrosive  action  on  iron 
the  water  cannot  be  used  in  steam  boilers,  and  it  soon  rusts 
out  ordinary  tinware. 

XLI.      WEST  LIBERTY.* 

Owner  ..- Town. 

Depth 1,768. 

Elevation  of  curb  A.  T 696. 

Original  head  of  water  A.  T 705. 

Present  head  of  water  A.  T 696  or  less. 

Diameter- - 6  inches-4i'a  inches. 

Dischargcoriginal,  in  gallons  per  minute.  120. 

Temperature 65°  Fahr. 

Driller A.  K.  Wallen. 

Date  of  beginning  well. June  20,  1887. 

Date  of  completion - November,  1888. 

During  the  drilling  of  the  well  the  water  stood  at  forty  feet 
from  the  surface  for  over  1,000  feet.  At  1,040  feet,  349  below 
tide,  the  horizon  of  the  Saint  Peter,  it  rose  twenty  feet.  Ris- 
ing a  little  higher  each  day,  it  overflowed  when  the  drill 
reached  the  depth  of  1,345  feet,  and  the  flow  increased  as  the 
drill  went  deeper  still.  The  well  is  cased  to  128  feet.  A  tub- 
ing sunk  to  1,100  feet  and  packed  decreased  the  flow  and  was 
taken  out.  The  water  is  very  generally  used  by  the  people 
of  the  town.  There  are  twenty-nine  hydrants,  nine  meters 
and  330  taps.     The  consumption  is  75,0<X)  gallons  daily. 

ANALYSIS. 

GRAINS  IN 
COMPOUNDS.  U.  B.  GALLON. 

1.  Sodium  chloride , 11.659 

2.  Ferrous  carlK)nate Trace 

3.  Sodium  carbonate 38.152 

4.  Potassium  carbonate 18.125 

5.  Sodium  sulphate 43.738 

6.  Sodium  chloride 9.302 

*  Reported  by  Mr.  O.  M.  Barnes,  city  engineer. 
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GRAINR IN 
COMPOUNDB.  U.  B.  GALIA>N. 

7.  Magnesium  phosphate - .077 

8.  Magnesia 0.019 

9.  Silica 7.678 

10.  Alumina 0.222 

Total  128.972 

Analyst,  Floyd  Davis,  Dcs  Moines.    Date,  .Juno  14,  1889.    Authority,  rules  of 
town  water  works. 

The  water  is  said  to  have  increased  in  hardness  since  the  well 
was  drilled.  As  a  boiler  water  it  gives  very  little  trouble  in 
stationaiy  boilers,  but  foams  badly  in  locomotive  boilers. 
Scale  forms  a  certain  thickness,  and  then  falls  off  of  its  own 
weight.  No  boiler  compound  is  necessary,  and  cleaning  the 
boiler  once  in  three  months  suffices.  Although  it  does  not  cor- 
rode boilers,  it  eats  out  the  threaded  ends  of  gas  pipe  in  about 
three  years.  Physicians  report  a  marked  decrease  in  zymotic 
diseases  since  its  introduction.  It  is  slightly  laxative  to  those 
unaccustomed  to  it,  and  its  continued  use  has  been  known  to 
affect  the  kidneys  unfavorably.  The  analyst  of  this  water, 
Mr.  Floyd  Davis,  then  chemist  for  the  State  Board  of  Health, 
states  under  the  analysis  that  "from  a  sanitary  standpoint 
the  water  is  of  excellent  quality,"  perhaps  referring  to  its 
organic  purity.  In  the  amount  of  alkaline  carbonates  it 
exceeds  any  artesian  water  in  the  state. 

KEC^ORD   OF  STRATA. 

PBPTH  or 

STRATA  BAMPLK8. 

14.     Dolomite,  lijfht  bluish-^ray 400 

13.     SandRtone,  very  fine,  white,  particles  angular     ,..  1,000 

12.     Sandstone,  coarser,   larg-er  ijrrains  rounded,   from 

1,040  to  1,0«0 1,050 

11.  Sandstone,  moderately  coarse,  white.  Even  to  the 
linger  this  sand  is  unusually  sharp,  and  under  the 
microscope  many  of  the  grains  are  seen  to  1k> 
faceted  with  secondary  crystalline  enlarjrements.  1,160 

10.  Uol(miiU\  gray,  with  considerable  arenaceous  ad- 
mixture in  drilling's 1,260 

9.     "Flint '' twelve  inches  thick,  no  sample 1,260 

8.     Dolomite,   white,  with  considerable  admixture  in 

drillings  of  finest  particles  of  quartz 1,290 
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DEPTH  OF 
STRATA.  SAMPLES. 

7.    Dolomite,  highly  arenaceous 1,310 

6.    Dolomite,  white,  porous 1,380 

5.     Sandstone, larger  grains  rounded,but  consists  mostly 

of  angular  particles,  with  some  dolomite 1,400 

4.     Sandstone,  matrix  calciferous 1,450 

3.     Sandstone,  in  line  powder  of  particles  of  quartz  and 

a  few  of  dolomite 1,500 

2.     Sandstone,  saocharoidal,  rather  coarse,  white  grains 

usually  rounded,  some  faceted 1,600 

1      Dolomite,  hard,  pinkish 1,765 

SUMMARY. 

FORMATIONS. 

14 -.Niagara. 

12-13 Saint  Peter. 

11 - - New  liichmond. 

6-10 Lower  Oneota. 

2-5 - Jordan. 

1 -- Saint  Lawrence. 

XLII.    HOMESTEAD.* 

Owner A mana  Society. 

Depth .2,224  feet. 

Elevation  of  curb 868t. 

Head  of  water 751t. 

The  well  was  finished  in  1895,  by  J.  P.  Miller  &  Co.  The 
diameters  of  the  bore  are  as  follows:  10  inches  to  340  feet, 
7f  inches  to  750  feet,  0  inches  to  1,560  feet,  5  inches  to  2,023 
feet,  4  inches  to  2,224  feet.  The  well  is  cased  for  the  first 
340  feet,  from  :{a5  to  525  feet,  and  from  750  to  1,000.  No 
packing  was  used.  Water  is  reported  at  600  feet  rising  to 
within  150  feet  of  the  curb,  and  at  1,700  feet  with  the  head 
given  above.  The  first  flow  proceeds  from  the  Niagara,  and 
the  second  from  the  Jordan. 

ANALYSIS. 

ORAIMB  PIK  PAKTB  PER 

n.  8.  GALLON.  MILLION. 

Silica  (Si  O,) 969  16.714 

Alumina  ^Al,03).... |.  5^2  9.857 

Ferric  oxide  (Fej  O3) S 

Lime  (Ca  O) 8.178  141.000 

Magnesia  (Mg  O) 3.132  54.000 


*  Information  furntshed  by  Dr.  Wm.  Moershel  and  the  foreman  of  the  well, 
t  Approximately. 
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GRAINS  PBR 
U.  B.  GALLON. 

Potash  (K,  O) 

Soda  (Na,  O) 14.608 

Chlorine  (CI) 1.922 

Sulphur  trioxide  (S  Og) 24.749 

Carbon  dioxide  (C  O,) 10.407 

Water  in  combination  (H,  O) 1.973 

iYee  (C  Oj) [2.585] 


PABTS  PBR 
MILLION. 


UNITED  AS  FOLLOWS. 

Calcium  bicarbonate  (Ca  H,  CO,),) 

Calcium  sulphate  (Ca  SO^) , 

Magnesium  sulphate  (Mg  SO^) 

Sodium  sulphate  (Na,  SO ^)    

Sodium  chloride  (Na  CI) 

Potassium  chloride  (K  CI) 

Alumina  (Al,  O,)  and  Ferric  oxide 

Silica  (Si  O,) 

Oxygen  replaced  by  chlorine  (O) 


19.173 
3.347 
9.379 

29.331 
3.165 


.572 
.969 
.474 


250.143 
33.140 

426.714 

179.429 
34.000 

[44.671] 


330.572 

57.714 

161.714 

605.714 

54.572 

9.857 

16.714 

8.143 


Solids 

Analyst,  Prof.  J.  B.  Weems.     Date,  May  26,  1896. 


66.110         ^,  146.000 


RECORD  OF    STRATA— DRILLER'S   L0(;. 
STRATA.  THICKNESS. 

10.  Clay 300 

9.  Shale 205 

8.  Limestone 245 

7.  Shale 250 

6.  Limestone - 300 

5.  Sandstone  1(X) 

4.  Sandy  limestone 370 

3.  Sandstone 100 

2.  Limestone     230 

1.  Sandstone   124 

RECORD  OF   SAMPLE  DRILLINGS. 

18.  Shale,  greenish- yellow,  with  many  siliceous  peb- 
bles   .-• 

17.  Shale,  yellow,  with  numerous  small  brick  red 
ochre  nodules,  ferruginous,  arenaceous,  practic- 
allv  non-calcareous 

16.  Shale,  light  green-gray,  fissile,  slightly  calcar- 
eous, with  some  red  ochreous  nodules  and  a  few 
fragments  of  limestone,  chert,  quartz  and  dark 
shales -- 


DEPTH. 
300 

505 
750 
1,000 
1,300 
1,400 
1,770 
1,870 
2,100 
2,224 


DEPTH. 


275 


2sr> 


475 


SUMMARY  OF  THE  HOMESTEAD  WELL.  285 

DIPIH. 

15.  Limestone  and  shale,  light  blue- ^ay;  chips  of  light 
gray  compact  limestone  of  earthy  lustre  and 
highly  argillaceous  in  highly  calcareous  con- 
creted powder 500 

14.     Dolomite,  blue  gray,  vesicular,  in  small  chips 600 

13.     Dolomite,  in  white  powder .690and      750 

12.    Shale,  greenish 775  and      805 

11.  (Sand  and  gravel  superficial  and  recent 970) 

10.     Limestone,  drab,  in  thin  flakes,  earthy,  fossilifer- 

ous 1,010 

9.     Shale 1,030 

8.    Shale,  calcareous 1,250 

7.     Sandstone,  tine,  white 1,345 

6.  Sandstone,  calcif  erous,  drillings  chiefly  quartz  sand 

with  considerable  dolomite  and  chert 1 ,475 

.    5.     Sandstone,  cream  yellow,  coarser  than  at  1 ,345  feet, 

grains  mostly  rounded 1,800 

4.     Sandstone,   very  fine  white  angular  quartz  sand 

with  considerable  dolomite  and  chert 1 ,825 

3.  Sandstone,  in  white  powder  of  microscopic  quartz.  1,850 
2.     Dolomite,  gray 2,025 

1.  Sandstone,  red,    highly    calciferous,    argillaceous 

and  calcareous  "from  2,100  to  2,2C0  " 

SUMMARY. 
FORMATIONS.  .  THICKNESS.         DEPTH.  A.  T. 

15-18.    Pleistocene,   t  arboniferous 

and  Devonian 505 

13-14.     Niagara 245 

12.  Maquoketa  250 

8-10.     Galena-Trenton 300 

7.  Saint  Peter 100 

6.  Oneota      (New     Richmond 

No.  6).  370 

3-5.      .Jordan    100 

2.  Saint  Lawrence 230 

1.  Basal  sandstone,  penetrated  124 

The  wells  at  Homestead  and  Amana  are  less  than  four 
miles  apart,  but  their  records  are  gravely  inconsistent.  The 
summit  of  the  Maquoketa  in  one  is  at  180  feet  A.  T.,  and  in 
the  other  at  118  feet  A.  T.  The  summit  of  the  first  sand- 
stone in  one  is  at  290  feet  below  tide,  in  the  other  432  feet 
below  tide.  The  record  of  the  Homestead  well,  inexact  as  it 
may  be,  is  used  in  the  geological  section  from  Davenport  to 
Des  Moines. 


505 

363 

750     • 

118 

1,000 

-132 

1,300 

-432 

1,400 

-532 

1J70 

-902 

1,870 

-1,002 

2,100 

-1,232 

2,224 

-1,356 
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XLIIL      AMANA. 

Owner Amana  Society. 

Depth , 1,640  feet. 

Elevation  of  curb  A.  T 730  feet. 

Head  of  water  A.  T 760  feet. 

Original  discharge  in  gallons  per  minute 200. 

Present  discharge  in  gallons  per  minute 100. 

Temperature 68°  Fahr. 

This  well  is  located  on  the  southwestern  quarter  of  the 
northwest  quarter,  Sec.  36,  Tp.  81,  N.,  R.  IX  W.  From  the 
start  in  1881  to  the  finish  in  1883,  it  was  drilled  wholly  by  the 
labor  and  skill  of  the  society.  It  was  cased  to  400  feet  orig- 
inally with  six-inch  casing.  This  withstood  the  corrosive 
action  of  the  water  about  four  years,  when  a  four-inch  pipe 
of  equal  length  was  inserted  and  made  tight  at  the  bottom 
with  secure  packing. 

Water  began  to  flow  at  about  400  feet,  330  A.  T.,  about  the 
horizon  of  the  Independence  shale.  Like  the  flow  from  this 
horizon  at  Davenport,  the  yield  was  very  small,  not  over 
eight  gallons  per  minute.  A  slight  augmentation,  raising  the 
discharge  to  sixteen  gallons  per  minute,  said  to  be  in  the 
Maquoketa  shale,  was  the  only  other  water  met  with  until 
the  Saint  Peter,  eight}"  feet  thick,  was  reached  at  1,020  feet. 
The  discharge  here  rose  to  thirtj'  gallons.  At  about  1,200 
feet,  440  A.  T.  in  the  Jordan  sandstone,  there  was  a  rapid 
increase,  and  the  full  flow  was  reached  at  1,640  feet.  The 
water  is  used  only  for  scouring  purposes  in  the  woolen  mill  of 
the  society. 

ANALYSIS. 

GRAINS  PCB  PARTS  PBK 

U.  8.  GALLON.  MILLION. 

Silica  (Si  O,) 265  4.574 

Alumina  (Al,  O3) }     .j.,q  a  aoq 

Ferric  oxide  (Fe,  O3) f    '"^'"^  ^''^^ 

Lime  (Ca  O) 8.427  145.285 

Magnesia  (Mg  O) 4.077  70.285 

Potash  (K,  O) 

Soda  (Na,  O) 14.152  244.000 

Chlorine  (CI) 1.069  18.428 

Sulphur  trioxide  (SO,)  25.006  431.143 

Carbon  dioxide  (C  O2) 13.630  235.000 

Water  in  combination  (Hj  O) 2.402  41.428 

Free(CO,) [1.201]  [20.714] 
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UNITED  AS  FOLLOWS. 

GRAINS  PER  PARTR  PBR 

U.  tt.  GALLON.  MILLION. 

Calcium  bicarbonate  (CaHj(Co,)2)....  24.277  418.572 

Magnesium  bicarbonate  (Mg  H,  (Co,)!)      .663  11.428 

Magnesium  sulphate  (Mg  SO  J 11.683  201.428 

Sodium  sulphate  (Na,  So  J 30.160  620.000 

Sodium  chloride  (Na  CI) 1.740  30.000 

Potassium  chloride  (K  CI) 

Alumina  (Al,  O,)  and  Ferric  oxide 373  6.428 

Silica  (Si  O,)     265  4.572 

Oxygen  replaced  by  chlorine 240  4. 143 

Solids.-.. 69.401  1,196.571 

Analyst,  Prof.  J.  B.  Weems.    Date,  May  26,  1896. 

RECORD  OF  STRATA. 

TBICKHBSB.        DKPTH.  A.  T. 

8.  Pleistocene  deposits 50  50  680 

7.  Shales,  Carboniferous  and  De- 
vonian  300  300  380 

6.  Limestone,  Niagara 200  550  180 

5.  Shales,  Maquoketa 220  570  -40 

4.  Limestone,  Trenton 250  1,020  -290 

3.  Sandstone,  Saint  Peter 80  1,100  -370 

2.  Limestone,  Oneota 200  1,300  -570 

1.  Limestone,  Oneota  in  part 340  1 ,640  -910 

XLIV.      GRINNELL.* 

Owner   Town. 

Depth   2,003  feet. 

Elevation  of  curb  A.  T 1,028  feet. 

Head  of  water  A.  T 798  feet. 

Capacity  in  gallons  per  minute 105. 

Date  of  beginning  ... ...October,  1892. 

Date  of  completion ---August8,  1893. 

Driller J.  P.  Miller  &  Co. 

The  diameters  of  the  bore  are  as  follows:  Ten  inches  to 
208  feet,  six  inches  to  408  feet,  five  inches  to  1,185  feet  and 
four  inches  to  2,003  feet.  Ten-inch  casing  occupies  the  ten- 
inch  bore,  450  feet  of  five-inch  easing  is  located  at  a  depth  of 
from  408  feet  to  958  feet,  covering  the  shales  of  the  Missis- 
sippian  and  Devonian,  and  forty  feet  of  four-inch  casing  from 
1,145  feet  to  1,185  feet  from  the  surface. 

*For  the  Information  concpmlng  tho  Oiinnell  well  we  are  Indebted  to  the  report  of  the 
well  by  Mr.  A..  J  Jones;  Proc.  Iowa  Acad.  Scl.,  vol.  If,  1884,  pp.  31-35;  to  Mr.  B.  S.  Morrison, 
and  specially  to  Profeiisor  H.  W.  Norrls.  who  fnrnbhed  a  set  of  the  drllUofirs. 

2i  G.  Rep. 


THT-:  GRINNKLL  WELL. 

irUlTKI)  AS  t'OLLDWS, 

(■ttlcium  bwurlMuiaW  (Ca  H,{Co,|,)-...  'ii.2,'1  418.572 

MairneHium  hicarbonaU!  (Mg  H,  ((.'o,),)      M:i  llA2ff 

Magnesium  sulphate  (Mp  SO.) ]].68:i  20l.42« 

Sodium  siilphBte  (Na,  HoJ 3(I.IB0  520.(K)(I 

Sodium  chloride  (N»  CI) 1.740  ;jll.O(W 

PotuwMium  I'hiorlde  (K  CI) 

Alumina  (Al,  O,)  and  Ferric  oxide 373  6.428 

Silica  (Si  O,)     265  4.572 

^'xyg''"  replaced  hy  ehlorine .240  4.143 

Solids tlH.401  l,H>«.57l 

Analyst,  Prof.  .1.  R.  Weenw.     Date,  May  26,  1806. 
RECORD  OF  STRATA. 


8.     F'leistocene  depoeitM 50  .50  680 

7,     Shales,  CarboniterouB  and  De- 
vonian  , 300  300  380 

6.     Limestone,  Niagara 200  5o0  180 

5.    Shales,  Maquoketa 220  570  -40 

4.     LimeBlone,  Trenton 250  1,020  -290 

;j.    Sandstone,  Saint  Peter 80  1,100  -370 

2.    Limestone,  Oneota 200  1,300  -310 

1.     Limeutoni^.  Oowta  in  jHirt 340  1,640  -lUO 

XLIV.      CJRINNELL.* 

Owner  ., Town. 

Depth    ...2,003  feet. 

Klevutiouof  eurb  A.  T 1,02S  feet. 

Head  of  water  A.  T 798  feet. 

Capacity  in  t'allons  per  minute. 105. 

Dale  of  iML'irinninj; Octolier,  1892. 

Date  of  completion AnnustS,  1893. 

Driller J.  P.  Miller  A:  Co. 

The  diametei-s  of  the  bore  ai-e  sis  follows:  Ten  iocbes  3o 
208  feet,  six  inches  to  4i)H  feet,  five  inches  to  1.1S5  fe«  iac 
four  inches  to  2,003  feet.  Ten-inch  easing  occupies  lite  wc^ 
inch  bore,  450  feet  of  five-inch  casing  is  located  xt  a  oecvx  t^f 
't,  covering  the  shales  of  i^  3 

r  feet  of  four-iae^  i  m  I'liij.  &w 
urfaee. 
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Water  was  first  found  at  212  feet,  at  the  top  of  the  Saint 
Louis  limestone,  strongly  mineral,  almost  yellow  in  color, 
and  rising  to  within  ninety  feet  of  the  surface.  The  inflow 
of  this  water  could  not  be  checked  for  a  long  time,  but  before 
the  well  was  completed  it  was  entirely  shut  off.  The  second 
water  was  found  at  1,530  feet  from  the  surface  in  the  Tren- 
ton. A  third  flow  was  encountered  in  the  Saint  Peter  at 
1,700  feet.  This  was  a  strong  vein,  and  "as  the  drill  pene- 
trated the  sandstone  a  roaring  noise  was  heard,  and  the 
drillings  were  washed  away  by  the  strong  current  of  water. ' ' 
The  water  in  the  tube,  which  had  remained  at  about  100  feet 
below  the  surface,  immediately  sunk,  and  this  was  no  doubt 
the  cause  of  the  roaring  noise  reported.  After  some  time  the 
water  returned  to  nearly  the  same  level.  The  head  of  the 
Saint  Peter  and  Trenton  water  is  in  this  region  apparently 
about  928  feet,  but  this  high  level  is  probably  due  to  a  filling  of 
the  well  with  the  higher  waters  faster  than  it  could  be  drawn 
off  through  the  lower  outlet.  More  or  less  water  was  found 
all  the  way  from  1,700  feet  to  2,003  feet,  and  on  completion 
of  the  well  the  head  was  found  to  be  230  feet  from  the  surface. 

ANALYSES. 

The  quality  of  the  water  at  different  depths  was  carefully 
tested  during  the  progress  of  the  boring.  Four  separate 
analyses  were  made.  No.  1  is  of  the  combined  water  of  the 
first,  the  second  and  third  flows.  No.  2  is  of  the  second  and 
third  flows,  the  first  being  shut  off.  These  are  both  by  Prof. 
L.  W.  Andrews,  of  Iowa  City,  and  were  made  when  the 
well  had  reached  a  depth  of  1,770  feet,  when  water  was  first 
pumped  from  the  well.  No.  3  and  No.  4,  by  Mr.  Luther  Ver- 
beek,  of  Grinnell,  represent  the  constitution  of  the  combined 
waters  of  all  flows,  except  the  fii^st,  to  their  respective  depths 
of  1,940  feet  and  2,003  feet. 

COMPOUND.  HO.  1.         HO.  2.         NO.  S.         HO.  4. 

Calcium  carbonate 9.70        9.60        6.89        7.00 

Calcium  sulphate 45.25      41.25      42.66      41.10 

Magnesium  sulphate 41.60      41.00      24.60      30.00 


STRATIGRAPHICAL   RECORD.  289 

OOMPOUNO.  NO.  1.         NO.  2.         NO.  3.         NO.  4. 

Sodium  sulphate 24.75      23.35  24.60  30.00 

Sodium  chloride 0.05        0.05  0.50  0.87 

Iron 0.17   

Silica 0.65    

Silica,  iron  and  alumina 0.70 

Total  dissolved  solids 121.35    115.25  

Total  suspended  solids 14.65        2.85    

Total  solids 135.90    118.10  112.30  120.75 

Hardness 78°         74.1°  41°  44° 

The  similarity  of  the  first  two  analyses  is  certainly  surpris- 
ing, if  the  strong  mineral  water  present  in  the  water  of  No.  1 
were  really  excluded  from  the  water  of  No.  2;  and  the  same 
may  be  said  of  the  uniformity  in  the  amount  of  calcium 
sulphate  in  all  the  waters  and  of  sodium  sulphate  in  the'first 
three. 

The  water  is  said  to  be  universally  liked  and  very  generally 
used.  Physicians  report  that  there  has  been  a  marked 
decrease  in  zymotic  diseases  since  its  introduction,  and  that 
it  seems  to  be  beneficial  in  cases  of  chronic  rheumatism.  It 
is  at  first  laxative  and  diuretic  to  those  unaccustomed  to  its 
use,  but  the  diuretic  effect  ceases  and  the  laxative  effect  is 
changed  to  constipation.  Patients  with  chronic  diarrhoea 
can  not  take  it  at  all.  It  is  one  of  the  strongest  selenitic 
waters  in  the  state. 

REC.'ORD  OF  STRATA. 

THIOKNS38.  DBPTH. 

41.     Soil,  loess  and  drift 212  212 

40.  Limestone,  rather  soft, buff ,  in  chips  mixed 
with  sand  and  small  pebbles  of  northern 
drift 8  220 

39.  Shale,  dark  gray,  fissile,  with  fragments 
of  impure  chert,  in  light  drab  argillo- 
oalcareous  xx)wder 2>  240 

38.  Limestone,  cherty.  arenaceous,  argilla- 
ceous; after  washing  is  seen  to  contain 
many  minute  crystals  of  selenite.  270 

37.     Limestone,  gray,  as  tine  sand  in  argillo- 

calcareous  powder 315 

36.     Limestone,  cherty,  and  shale;  as  chii)s  in 

argillo-calcareous  powder 125  365 
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Water  was  fli'st  found  at  212  feet,  at  the  top  of  the  Saint 
Louis  limestone,  strongly  mineral,  almost  yellow  in  color, 
and  rising  to  within  ninety  feet  of  the  surface.  The  inflow 
of  this  water  could  not  be  checked  for  a  long  time,  but  before 
the  well  was  completed  it  was  entirely  shut  off.  The  second 
water  was  found  at  1,530  feet  from  the  surface  in  the  Tren- 
ton. A  third  flow  was  encountered  in  the  Saint  Peter  at 
1,700  feet.  This  was  a  strong  vein,  and  "as  the  drill  pene- 
ti'ated  the  sandstone  a  roaring  noise  was  heard,  and  the 
drillings  were  washed  away  by  the  strong  current  of  water. ' ' 
The  water  in  the  tube,  which  had  remained  at  about  100  feet 
below  the  surface,  immediately  sunk,  and  this  was  no  doubt 
the  cause  of  the  roaring  noise  reported.  After  some  time  the 
water  returned  to  nearly  the  same  level.  The  head  of  the 
Saint  Peter  and  Trenton  water  is  in  this  region  apparently 
about  928  feet,  but  this  high  level  is  probably  due  to  a  filling  of 
the  well  with  the  higher  waters  faster  than  it  could  be  drawn 
off  through  the  lower  outlet.  More  or  less  water  was  found 
all  the  way  from  1,700  feet  to  2,003  feet,  and  on  completion 
of  the  well  the  head  was  found  to  be  230  feet  from  the  surface. 

ANALYSES. 

The  quality  of  the  water  at  different  depths  was  carefully 
tested  during  the  progress  of  the  boring.  Four  separate 
analyses  were  made.  No.  1  is  of  the  combined  water  of  the 
first,  the  second  and  third  flows.  No.  2  is  of  the  second  and 
third  flows,  the  first  being  shut  off.  These  are  both  by  Prof. 
L.  W.  Andrews,  of  Iowa  City,  and  were  made  when  the 
well  had  reached  a  depth  of  1,770  feet,  when  water  was  first 
pumped  from  the  well.  No.  3  and  No.  4,  by  Mr.  Luther  Ver- 
beck,  of  Grinnell,  represent  the  constitution  of  the  combined 
waters  of  all  flows,  except  the  first,  to  their  respective  depths 
of  1,940  feet  and  2,003  feet. 

COMPOUND.  HO.  1.         NO.  2.         NO.  8.         HO.  4. 

Calcium  earlxmate 9.70        9.60        6.89        7.00 

Calcium  sulphate 45.25      41.26      42.65      41.10 

Magnesium  sulphate 41.60      41.00      24.60      30.00 


STRATKiRAPHICAL  RECORD.  289 

OOlfPOUNO.  NO.  1.         NO.  2.         NO.  3.         NO.  4. 

Sodium  sulphate 24. 75      23.35  24.60      30.00 

Sodium  chloride 0.05        0.05  0.50        0.87 

Iron 0.17   

Silica - 0.65    

Silica,  iron  and  alumina 0.70 

Total  dissolved  solids 121.35    115.25    

Total  suspended  solids 14.65        2.85    

Total  solids 135.90    118.10  112.30    120.75 

Hardness 78°         74.1°  41°         44° 

The  similarity  of  the  first  two  analyses  is  certainly  surpris- 
ing, if  the  strong  mineral  water  present  in  the  water  of  No.  1 
were  really  excluded  from  the  water  of  No.  2;  and  the  same 
may  be  said  of  the  uniformity  in  the  amount  of  calcium 
sulphate  in  all  the  waters  and  of  sodium  sulphate  in  the'first 
three. 

The  water  is  said  to  be  universally  liked  and  very  generally 
used.  Physicians  report  that  there  has  been  a  marked 
decrease  in  zymotic  diseases  since  its  introduction,  and  that 
it  seems  to  be  beneficial  in  cases  of  chronic  rheumatism.  It 
is  at  first  laxative  and  diuretic  to  those  unaccustomed  to  its 
use,  but  the  diuretic  effect  ceases  and  the  laxative  effect  is 
changed  to  constipation.  Patients  with  chronic  diarrhoea 
can  not  take  it  at  all.  It  is  one  of  the  strongest  selenitic 
waters  in  the  state. 

RECORD  OF  STRATA. 

THIOKNDS.  DBPTH. 

41.    Soil,  loess  and  drift 212  212 

40.  Limestone,  rather  soft, buff,  in  chips  mixed 
with  sand  and  small  pebbles  of  northern 
drift 8  220 

39.  Shale,  dark  f^^ray,  fissile,  with  frag^ments 
of  impure  chert,  in  light  drab  argillo- 
calcareous  powder 2"^  240 

38.  Limestone,  cherty.  arenaceous,  argilla- 
ceous: after  washing  is  seen  to  contain 
many  minute  crystals  of  selenite .  270 

37.     Limestone,  gray,  as  fine  sand  in  argillo- 

calcareous  powder 315 

3H.     Limestone,  cherty,  and  shale:  as  chijw  in 

argillo-calcareous  powder 125  365 
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Water  was  first  found  at  212  feet,  at  the  top  of  the  Saint 
Louis  limestone,  strongly  mineral,  almost  yellow  in  color, 
and  rising  to  within  ninety  feet  of  the  surface.  The  inflow 
of  this  water  could  not  be  checked  for  a  long  time,  but  before 
the  well  was  completed  it  was  entirely  shut  off.  The  second 
water  was  found  at  1,530  feet  from  the  surface  in  the  Tren- 
ton. A  third  flow  was  encountered  in  the  Saint  Peter  at 
1,700  feet.  This  was  a  strong  vein,  and  ''as  the  drill  pene- 
trated the  sandstone  a  roaring  noise  was  heard,  and  the 
drillings  were  washed  away  by  the  strong  current  of  water. ' ' 
The  water  in  the  tube,  which  had  remained  at  about  100  feet 
below  the  surface,  immediately  sunk,  and  this  was  no  doubt 
the  cause  of  the  roaring  noise  reported.  After  some  time  the 
water  returned  to  nearly  the  same  level.  The  head  of  the 
Saint  Peter  and  Trenton  water  is  in  this  region  apparently 
about  928  feet,  but  this  high  level  is  probably  due  to  a  filling  of 
the  well  with  the  higher  waters  faster  than  it  could  be  drawn 
off  through  the  lower  outlet.  More  or  less  water  was  found 
all  the  way  from  1,700  feet  to  2,003  feet,  and  on  completion 
of  the  well  the  head  was  found  to  be  230  feet  from  the  surface. 

ANALYSES. 

The  quality  of  the  water  at  different  depths  was  carefully 
tested  during  the  progress  of  the  boring.  Four  separate 
analyses  were  made.  No.  1  is  of  the  combined  water  of  the 
first,  the  second  and  third  flows.  No.  2  is  of  the  second  and 
third  flows,  the  first  being  shut  off.  These  are  both  by  Prof. 
L.  W.  Andrews,  of  Iowa  City,  and  were  made  when  the 
well  had  reached  a  depth  of  1,770  feet,  when  water  was  first 
pumped  from  the  well.  No.  3  and  No.  4,  by  Mr.  Luther  Ver- 
beck,  of  Grinnell,  represent  the  constitution  of  the  combined 
waters  of  all  flows,  except  the  first,  to  their  respective  depths 
of  1,940  feet  and  2,(X)3  feet. 

COMPOUND.  HO.  1.         NO.  2.         NO.  8.         HO.  4. 

Calcium  carlxjnate 9.70        9.60        5.89        7.00 

Calcium  sulphate 45.25      41.26      42.65      41.10 

Magnesium  sulphate 41.60      41.00      24.60      30.00 
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OOlfPOnNO.  NO.  1.         NO.  2.         NO.  3.         NO.  4. 

Sodium  sulphate 24. 75      23.36  24.60      30.00 

Sodium  chloride 0.05        0.05  0.50        0.87 

Iron 0.17    

Silica - 0.65    

Silica,  iron  and  alumina 0.70 

Total  diijsolved  solids 121.35    115.25    

Total  suspended  solids 14.55        2.85 

Total  solids 135.90    118.10  112.-30    120.75 

Hardness 78°         74.1°  41°         44° 

The  similarity  of  the  first  two  analyses  is  certainly  surpris- 
ing, if  the  strong  mineral  water  present  in  the  water  of  No.  1 
were  really  excluded  from  the  water  of  No.  2;  and  the  same 
may  be  said  of  the  uniformity  in  the  amount  of  calcium 
sulphate  in  all  the  waters  and  of  sodium  sulphate  in  the'first 
three. 

The  water  is  said  to  be  universally  liked  and  very  generally 
used.  Physicians  report  that  there  has  been  a  marked 
decrease  in  zymotic  diseases  since  its  introduction,  and  that 
it  seems  to  be  beneficial  in  cases  of  chronic  rheumatism.  It 
is  at  first  laxative  and  diuretic  to  those  unaccustomed  to  its 
use,  but  the  diuretic  effect  ceases  and  the  laxative  effect  is 
changed  to  constipation.  Patients  with  chronic  diarrhoea 
can  not  take  it  at  all.  It  is  one  of  the  strongest  selenitic 
waters  in  the  state. 

RECORD  OF  STRATA. 

THI0KNS3S.  DBPTH. 

41.    Soil,  loess  and  drift 212  212 

40.  Limestone,  rather  soft, buff,  in  chii)s  mixed 
with  sand  and  small  pebbles  of  northern 
drift 8  220 

39.  Shale,  dark  ^ray,  fissile,  with  frag-ments 
of  impure  chert,  in  light  drab  argillo- 
calcareous  powder 2>  240 

38.  Limestone,  cherty.  arenaceous,  argilla- 
ceous; after  washing  is  seen  to  contain 
many  minute  crystals  of  selenite .  270 

87.     Limestone,  gray,  as  fine  sand  in  argillo- 

calcareous  jwwder 315 

3H.     Limestone,  cherty,  and  shale:  as  chii>s  in 

argillo-calcareous  jwwder 125  365 
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UNITED  AS   I?T)LLO\VS. 

GRAINS  PEK  PARTB  PKK 

U.  H.  GALLON.  MILLION. 

Calcium  bicarbonate  (C'a  HjC^'o.lj) 24.277  418.572 

Majrnesium  bicarbonate  (Mg  H,  (COa)^)      .66,3  11 .  428 

Magnesium  sulphate  (Mg  SO  J 11.683  201.428 

Sodium  sulphate  (Na,  SoJ 30.160  520.000 

Sodium  chloride  (Na  CI) 1.740  ,'iO.OOO 

PotasHium  chloride  (K  CI) 

Alumina  (Al,  O,)  and  Ferric  oxide 373  6.428 

Silica  (Si  O,)     265  4.572 

Oxygen  replaced  by  chlorine 240  4. 143 

Solids 69.401  1,196.571 

Analyst,  Prof.  J.  B.  Weems.    Date,  May  26,  1896. 

RECORD  OF  STRATA. 

TBICKNBSa.         DEPTH.  A.  T. 

8.  Pleistocene  deposits 50  50  680 

7.  Shales,  Carboniferous  and  De- 
vonian  300  :iOO  380 

6.  Limestone,  Niagara 200  550  180 

5.  Shales,  Maquoketa 220  570  -40 

4.  Limestone,  Trenton 250  1 ,020  -290 

3.  Sandstone,  Saint  Peter 80  1 ,  100  -370 

2.  Limestone,  Oneota 200  1,300  -570 

1.  Limestone,  Oneota  in  part 340  1,640  -910 

XLIV.      GRINNELL.* 

Owner    Town. 

Depth    2,003  feet. 

Klevatiou  of  curb  A.  T 1,028  feet. 

Head  of  water  A.  T 798  feet. 

Capacity  in  gallons  per  minute 105. 

Date  of  beginning  ..-.- - —October,  1892. 

Date  of  completion August  8,  1893. 

Driller J.  P.  Miller  &  Co. 

The  diametei's  of  the  bore  are  as  follows:  Ten  inches  to 
208  feet,  six  inches  to  408  feet,  Ave  inches  to  1,185  feet  and 
four  inches  to  2,(K)3  feet.  Ten-inch  casing  occupies  the  ten- 
inch  bore,  450  feet  of  five-inch  casing  is  located  at  a  depth  of 
from  408  feet  to  958  feet,  covering  the  shales  of  the  Missis- 
sippian  and  Devonian,  and  forty  feet  of  four-inch  casing  from 
1,145  feet  to  1,185  feet  from  the  surface. 

*For  the  Information  conrerninK  tho  (irinnell  well  we  are  Indebted  to  the  report  uf  the 
well  by  Mr.  K.  J  Junes;  Proc.  Iowa  Acad.  Scl..  vol.  IT,  1894,  pp.  31-35;  to  Mr.  B.  S.  Morrison, 
aod  specially  to  Profebsor  U.  W.  Norrls.  who  fvrnUhed  a  bet  of  the  drlUlufcs. 

84  a.  Rep. 
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Water  was  first  found  at  212  feet,  at  the  top  of  the  Saint 
Louis  limestone,  strongly  mineral,  almost  yellow  in  color, 
and  rising  to  within  ninety  feet  of  the  surface.  The  inflow 
of  this  water  could  not  be  checked  for  a  long  time,  but  before 
the  well  was  completed  it  was  entirely  shut  off.  The  second 
water  was  found  at  1,530  feet  from  the  surface  in  the  Tren- 
ton. A  third  flow  was  encountered  in  the  Saint  Peter  at 
1,700  feet.  This  was  a  strong  vein,  and  "as  the  drill  pene- 
trated the  sandstone  a  roaring  noise  was  heard,  and  the 
drillings  were  washed  away  by  the  strong  current  of  water." 
The  water  in  the  tube,  which  had  remained  at  about  100  feet 
below  the  surface,  immediately  sunk,  and  this  was  no  doubt 
the  cause  of  the  roaring  noise  reported.  After  some  time  the 
water  returned  to  nearly  the  same  level.  The  head  of  the 
Saint  Peter  and  Trenton  water  is  in  this  region  apparently 
about  928  feet,  but  this  high  level  is  probably  due  to  a  filling  of 
the  well  with  the  higher  waters  faster  than  it  could  be  drawn 
off  through  the  lower  outlet.  More  or  less  water  was  found 
all  the  way  from  1,700  feet  to  2,003  feet,  and  on  completion 
of  the  well  the  head  was  found  to  be  230  feet  from  the  surface. 

ANALYSES. 

The  quality  of  the  water  at  different  depths  was  carefully 
tested  during  the  progress  of  the  boring.  Four  separate 
analyses  were  made.  No.  1  is  of  the  combined  water  of  the 
first,  the  second  and  third  flows.  No.  2  is  of  the  second  and 
third  flows,  the  first  being  shut  off.  These  are  both  by  Prof. 
L.  W.  Andrews,  of  Iowa  City,  and  were  made  when  the 
well  had  reached  a  depth  of  1,770  feet,  when  water  was  first 
pumped  from  the  well.  No.  3  and  No.  4,  by  Mr.  Luther  Ver- 
beck,  of  Grinnell,  represent  the  constitution  of  the  combined 
waters  of  all  flows,  except  the  first,  to  their  respective  depths 
of  1,940  feet  and  2,003  feet. 

COMPOUND.  HO.  1.         HO.  2.         NO.  8.         HO.  4. 

Calcium  carbonate 9.70        9.60        6.89        7.00 

Calcium  sulphate 45.26      41.26      42.65      41.10 

Magnesium  sulphate 41.60      41.00      24.60      30.00 
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OOMPOUND.  NO.  1.         NO.  2.         NO.  3.         NO.  4. 

Sodhim  sulphate 24. 75      23.35  24.60      30.00 

Sodium  chloride 0.05        0.05  0.50       0.s7 

Iron 0.17    

Silica 0.(i5    

Silica,  iron  and  alumina 0.70 

Total  dissolved  solids 121.35     115.25    

Total  suspended  solids 14.55        2.85    

Total  solids V^MO    118.10  112.30    120.75 

Hardness 78°          74.P  41°         44° 

The  similarity  of  the  ilrst  two  analyses  is  certainly  surpris- 
ing, if  the  strong  mineral  water  present  in  the  water  of  No.  1 
were  really  excluded  from  the  water  of  No.  2;  and  the  same 
may  be  said  of  the  uniformity  in  the  amount  of  calcium 
sulphate  in  all  the  waters  and  of  sodium  sulphate  in  the^flrst 
three. 

The  water  is  said  to  be  universallj^  liked  and  very  generally 
used.  Physicians  report  that  there  has  been  a  marked 
decrease  in  zymotic  diseases  since  its  introduction,  and  that 
it  seems  to  be  beneficial  in  cases  of  chronic  rheumatism.  It 
is  at  fii-st  laxative  and  diuretic  to  those  unaccustomed  to  its 
use,  but  the  diuretic  etfect  ceases  and  the  laxative  effect  is 
changed  to  constipation.  Patients  with  chronic  diarrhoea 
can  not  take  it  at  all.  It  is  one  of  the  strongest  selenitic 
watei's  in  the  state. 

RK(.'ORI)  OK  STKATA. 

THI0KNS4S.  DBI*TH. 

41.     Soil,  loess  and  drift 212  212 

40.  Limestone,  rather  soft.lmtT.  in  chips  mixed 
with  sand  and  small  ])ehbles  of  northern 
drift 8  220 

31>.  Shale,  dark  ^n*ay,  lissile,  with  fra^^nu'nts 
of  impure  eliert,  in  li^-lit  drab  aryillo- 
ealeareous  ])owd<*r 2^  240 

38.  [limestone,  ehertv.  arenaefous.  ar»filla- 
eeous:  after  washing  is  set*n  to  rtmtain 
many  minute  erystals  of  selenite.  270 

37.     Limeston<?,  ^ray.  as  tine  sand  in  arjufillo- 

raleart'ous  jMiwder 315 

3t).     Limestone,  eherty,  and  shale:  as  ehii>s  in 

ar{rillo-ealear(M)Us  powder 12;'>  36r> 
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THICKHVSa. 

35.  Shale  and  limestone,  soft,  fissile,  dark 
drab;  in  powder  with  a  few  minute  frag- 
ments of  limestone  and  considerable 
chert 35  400 

34.  Shale,  blue,  calcareous,  in  powder  con- 
creted into  readily  friable  masses  con- 
taining microscopic  particles  of  quartz.  415 

33.  Shale,  hard,  green-gray,  with  compact, 
light  yellow,  calcareous,  siliceous  frag- 
ments; siliceous  in  the  form  of  angular 
grains  of  transparent  quartz,  mostly 
from  .054  to  .09  mm.  in  size,  but  many 
much  smaller ... 435 

32.    Shale,  fine-grained,  calcareous,  greenish.  440 

31.    Shale,  brownish-drab 450 

30.  Shale,  light  blue-gray,  somewhat  calcar- 
eous, two  samples 550 

29.    Shale,  as  No.  31 570 

28i.  Limestone,    fine-grained    (report    A.    J. 

Jones)  at 570 

28.  Shale,  light  blue-gray,  seleniferous,  cal- 
careous, with  a  few  particles  of  lime- 
stone   600 

27.  Shale,  light  drab  and  bluish,  somewhat 
calcareous,  with  a  little  finely  divided 
quartzose  residue  after  washing,  five 
samples 400  800 

26.  Limestone,  light  yellow-gray,  granular, 
subcrystalline,  briskly  effervescent  in 
cold  dilute  H  CI,  with  much  shale 10  810 

25.  Shale  and  limestone,  in  light  blue-gray 
argillaceous  powder  containing  a  few 
fragments  of  limestone 825 

24.  Shale,  light  blue  and  green-gray,  some- 
what calcareous,  seven  samples,  last  at 
900 940 

23.     Limestone,     magnesian,     medium    dark 

gray,  earthy,  argillaceous 949 

22.  Limestone,  magnesian  or  dolomite,  with 
considerable  hard,  finely  arenaceous, 
greenish  shale 969 

21.     Shale,  light  gray,  argillo-calcareous 990 

20.     Limestone,  highly  cherty 1,012 

19.     Limestone,  white,  soft J,065 

18.     Limestone,  highly  cherty,  two  samples..  J,I{:0 


SUMMARY  OF  STRATA. 


291 


THIOKMBSS. 

17.     Limestone,  cherty... _ 

16.    Dolomite  or  magnesian  limestone,  light 

buff,  in  fine  sand... — 

15.    Shale,  light  drab,  calcareous 

14.  Shale,  light  brown,  pyritiferous,  two  sam- 
ples, last  at  1,280 

13.  Magnesian  limestone  or  dolomite,  buff; 
residue    cherty    and    microscopically 

arenaceous 

12.    Shale,  brown,  darker  than  No.  14 

11.  Magnesian  limestone  or  dolomite,  fer- 
ruginous, in  dark  buff  powder;  residu- 
ary quartzose  particles  .018  to  .18  mm. 

in  diameter,  four  samples 

10.     Unknown 

9.  Limestone,  magnesian,  cherty,  light  yel- 
low, in  powder  

8.     Limestone,   light  gray,   fossiliferous,   in 

flaky  chips 

7.     Shale,    green,   non-calcareous,    "fossllif- 

e  rous  " 

6.     Limestone,  magnesian,  in  buff  powder... 
6.     Sandstone,    calciferous,    quartzose    par- 
ticles from  018  to  .18  mm.  in  diameter; 
particles   of    white    dolomite    mingled 

with  the  quartz  in  the  drilling 

4.  Sandstone,  white,  grains  rounded  and 
smooth,  usual  size  about  .65  mm.,  max- 
imum seen  92  mm.  in  diameter 

3.  Sandstone,  light  reddish-buff,  fine  grains, 
mostly  broken,  many  stained  with  film 
of   ferric  oxide,  size  .18  to  .28  mm    in 

diameter 

2.     Unknown 

1.  Sandstone,  highly  calciferous  or  limestone 
arenaceous;  sand  grains  angular  with 
some  rounded  and  up  to  1  mm.  in  diam- 
eter, matrix  of  dolomite  white,  at 

SUMMARY. 
FOR.M4TION.  THICKNESS.         DBPTH. 

41.          Pleistocene 212  212 

29-40.     Mississippian   and   Kinder- 
hook 358  570 

24-28.     Devonian 370  940 

16-23      Silurian 260  1,200 


DEPTH. 
1,175 

1,200 
1,260 

1,320 


1,380 
1,400 


1,475 
1,610 


1,630 

1,640 

1,655 
1,700 


1.7)6 


1,740 


1,740 
2,002 


2,002 


A.  T. 

816 

458 

88 

-172 
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f OBMATI  •■.  THICKVMS.  DBPTH.  A.  T. 

14  16.     Ma<iiiok«ta 120  1,320  -292 

013.    (;ttlijntt-Tr«5nt(m 380  1,700  -672 

8    5.     Httlnt  P(ft«*r 40  1,740  -712 

2.          II|)i)«rC)n«M>tfi  (?) 262  2,002  -974 

I.          N«m  lilcJiinond  (?)  at 2,002 

T\\\H  arraiigoment  diflfers  from  the  assignment  of  Mr.  A.  J. 
.loiip-H  only  above  the  Maquoketa.  Mr.  Jones  placed  the  base 
of  the  MisniMsippian  at  800  feet  and  the  base  of  the  Devonian 
at  iMH)  foot.  Any  divisions  made  in  the  almost  uninterrupted 
body  of  shales  from  4<)5  to  940  feet  must  be  more  or  less 
arbitrary. 

XLv.  np:vvton.* 

Ownor Town. 

DopUi 1,400. 

Klovatlon  of  ourh  A.  T 962t. 

\Um\  of  wau»r  A.  T 862t. 

1  )lamt»U»r 5  inches. 

Dato  of  iMmiplotlon 1890. 

Tlio  water  is  described  ais  poor  as  a  potable  water  and  bad 
in  its  oflfoi'ts  upon  lH>ilei's.  It  seems  to  come  from  the  Saint 
Iii>ui8  at  JWVO  feet,  ivinfoived  by  lower  flows  above  the  Maquo- 
kot^i.  UiK^k  was  struck  at  ^H)  feet.  Between  1,300  and  1,400 
foot  a  shale  wiis  oniH>iuiteivd  that  caved  badlv  and  caused  the 
Uvss  of  a  drill.  Failinjr  to  extricate  it,  the  first  well  was 
almnilonod  and  a  seinnul  l>ejrun  anew.  In  this  also  a  drill  was 
UKst  at  alnnit  the  s;une  depth  and  the  attempt  to  cany  the 
lH>rinjjf  dtv|HM'  w;\s  jjfivon  up.  The  supply  is  abundant,  con- 
tinued puuipin&r  failiujr  to  lower  the  level.  The  shale  between 
1,%UH>  and  U4iH>  fiH=^t  is  ali^neil  with  the  Maquoketa  of  the 
t%rinnoU  and  IVs  Moines  sections  as  is  seen  in  Plate  XVII. 


THE  COLFAX  WELL. 


293 


XLVI.    COLFAX. 
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Hotel  Colfax 

325 

315 

j  over 
1  300 

300 
300 

3 
3 
4 
4 
4 

841 
824 

823 

3 
3 
4 
2 
4 

1882 
1881 
1890 
1892 

54°  Fahr. 
51°  Fahr. 
52°  Fahr. 
52°  Fahr. 
52°  Fahr. 

Frve's  Hotel     

310 

MsHon  House  . 

j  over 

Mineral  Water  Co 

/  200 
200 

Town  of  ('olfax 

200 

Besides  those  described  in  the  above  table,  there  are  five 
other  artesian  wells  in  Colfax  from  which  reports  have  not 
been  received;  but  the  statistics  just  given  probably  represent 
the  entire  group  of  wells  of  the  locality.  The  moderate  yield 
seems  to  be  derived  from  the  Saint  Louis  limestone.  No 
record  of  the  strata  is  extant. 

Colfax  water,  like  good  wine,  needs  no  bush.  Its  fame  is 
wide,  and  the  number  of  testimonials  vouching  for  its  cura- 
tive properties  in  various  diseases  are  large.  The  village 
has  become  the  chief  sanitarium  of  Iowa  and  the  center  of  an 
extensive  trade  in  the  bottled  water.  The  following  analysis 
of  the  water  will  indicate  its  therapeutic  qualities. 

GRAINS  IN  U.  8.  0ALLO5r  Or  831  CUBIC  INCHES. 

No  1.  No.  2. 

Calcium  carbonate 17.51  

Mag^nesiura  bicarlwnate 25.939 

Iron  carlx)nate     _ 0.67  

Iron  bioarlK)mite 0.258 

Calcium  sulphate 13.07  31.759 

Magnesium  sulphate 31.87  10.239 

Sodium  .sulphate 78.86  77.344 

Potassium  sulphate 0.41  0.620 

Sodium  chloride 3.85  3  812 

Silica /    ,..x»  ^    0-^^58 

Alumina _ f   "-^  )    0.710 

Lithia Trace  
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(iRAIKS  IN  n.  8.  OALU)N  OF  231  CUBIC  INCHES. 
NO.  1.  NO.  S. 

Carbon  dioxide 7.18  

Organic  matter Trace 

Total 153.71  150.769 

Analysis  No.  1,  of  Old  M.  C.  Spring,  Hotel  Colfax,  by  G.  Hinrichs,  Iowa  City. 

Authority,  Bulletin  U.  S.  Geol.  Surv.,  No.  32,  p.  162. 

Analysis  No.  2,  of  Magnetic  Rock  Spring,  Colfax  Bottling  Works,  by  W.  S. 

Haines,  Chicago.    Authority,  circulars  of  company. 

Professor  Haines  mentions  also  that  the  water  contains  free  carbonic  acid 

gas  in  large  quantities. 

The  water  is  classed  by  Peale  as  saline  chalybeate.  The 
chief  therapeutic  agents  are  the  laxative  sulphates,  of  which 
the  water  contains  about  120  grains  to  the  gallon.  The 
absence  of  calcium  carbonate  in  one  analysis  and  of  magnesium 
bicarbonate  in  the  other  seems  to  result  from  different  meth- 
ods of  combination  by  the  two  chemists,  the  lime  all  being 
combined  in  the  form  of  sulphate  in  one  analysis,  and  the 
magnesia  in  magnesium  sulphate  in  the  other. 

XLVII.    DES   MOINES.* 
GREENWOOD  PARK  WELL. 

(^wner Park  Commissioners . 

Depth 3,000  feet. 

Elevation 872  feet. 

Head  of  water  A.  T 827  feet. 

Temperature   (Saint   Peter  wat^r  at 

2,025  feet) 65°  Fahr. 

Diameter 10  inches  to  3  inches. 

Capacity  in  gallons  per  minute 400. 

Date  of  beginning  well M  arch  1 ,  1895. 

Date  of  completion July  24,  1898. 

Driller .7.  P.  Miller  &  Co. 

Water  first  entered  the  tube  from  the  Mississippian  becls 
between  498  and  608  feet  from  the  surface.  This  water  rose 
to  within   thirty-   feet   of  the   (*urb,   or  842  A.  T.,  and  was 

*In  volume  I(  of  the  Ge.>lo(zy  of  Iowa,  White  mentions  an  artesian  well  at  Des  Moines, 
bored  to  obtain  water  for  a  brewery,  and  of  which  little  or  nothing  could  be  learned  from  Its 
proprietors,  in  fortunat<>  contrast  the  new  well  at  Greenwood  Park  was  drilled  from  the 
start  under  a  skilled  superintendent,  attentive^  to  every  fa.;t  of  scientific  interest.  The 
utmost  pains  were  taken  to  obtain  a  full  series  of  samples  of  the  drllUnf^s.  ^¥hen  these  were 
so  fine  as  to  t>o  held  in  susoen-lon  they  were  secured  in  sisverai  instaacos  by  boiling  down  the 
water.  For  a  set  of  these  drillings  and  for  copious  notes  of  the  orogress  of  the  boring  we  are 
Indebted  to  Mr.  T.  Van  Hyning,  who  supervised  the  drilling  of  the  well. 
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GRAiaS  IN  n.  8.  GALLON  OF  231  CUBIC  INCHES. 
NO.  1.  NO.  S. 

Carbon  dioxide 7.18  

Organic  matter j  Trace 

Total 153.71  160.769 

Analysis  No.  1,  of  Old  M.  C.  Spring,  Hotel  Colfax,  by  G.  Hinrichs,  Iowa  City. 

Authority,  Bulletin  U.  S.  Geol.  Surv.,  No.  32,  p.  162. 

Analysis  No.  2,  of  Magnetic  Rock  Spring,  Colfax  Bottling  Works,  by  W.  S. 

Haines,  Chicago.    Authority,  circulars  of  company. 

Professor  Haines  mentions  also  that  the  water  contains  free  carbonic  acid 

gas  in  large  quantities. 

The  water  is  classed  by  Peale  as  saline  chalybeate.  The 
chief  therapeutic  agents  are  the  laxative  sulphates,  of  which 
the  water  contains  about  120  grains  to  the  gallon.  The 
absence  of  calcium  carbonate  in  one  analysis  and  of  magnesium 
bicarbonate  in  the  other  seems  to  result  from  different  meth- 
ods of  combination  by  the  two  chemists,  the  lime  all  being 
combined  in  the  form  of  sulphate  in  one  analysis,  and  the 
magnesia  in  magnesium  sulphate  in  the  other. 

XLVII.    DES   MOINES.* 
GREENWOOD  PARK  WELL. 

Owner Park  Commissioners. 

Depth ...3,000  feet. 

Elevation 872  feet. 

Head  of  water  A.  T 827  feet. 

Temperature  (Saint  Peter  water  at 

2,025  feet) 65°  Fahr. 

Diameter 10  inches  to  3  inches. 

Capacity  in  gallons  per  minute 400. 

Date  of  beginning  well March  1,  1895. 

Date  of  completion July  24,  1898. 

Driller J.  P.  Miller  &  Co. 

Water  first  entered  the  tube  from  the  Mississippian  beds 
between  498  and  668  feet  from  the  surface.  This  water  rose 
to   within   thirty  feet   of  the   curb,   or  842  A.  T.,  and  was 

*In  volume  1(  of  the  GeaIo(zy  of  Iowa,  White  mentions  an  artesian  well  at  Des  Moines, 
bored  to  obtain  water  for  a  brewery,  and  of  which  little  or  nothing  could  be  learned  from  Its 
proprietors.  In  fortunate  contrast  the  new  well  at  Greenwood  Park  was  drilled  from  the 
start  under  a  skilled  superintendent.  attentlv<^  to  every  fa<;t  of  scientific  interest.  The 
utmost  pains  were  taken  to  obtain  a  full  series  of  samples  of  the  drllUnf^s.  ^¥hen  thes9  were 
so  fine  as  to  be  held  In  susoen-lon  they  were  secured  In  several  Instances  by  boiling  down  the 
water.  H*or  a  set  of  these  drillings  and  for  copious  notes  of  ihe  orogress  of  the  boring  we  are 
Indebted  to  Mr.  T.  Van  Hyning,  who  supervised  the  drilling  of  the  well. 


STRATKJUAPHICAL   RECORD.  295 

strongly  impregnated  with  sulphureted  hydrogen.  Fluctua- 
tions of  water  in  the  tube  indicated  minor  flow  from  1,011  to 
1,208  feet;  and  from  the  Niagara  at  1,425  feet  water  rose  to 
the  surface  and  overflowed  ''in  a  quarter  of  an  inch  stream." 
Another  reservoir  was  tapped  at  2,025  feet  in  the  Saint 
Peter,  of  which  Mr.  Van  Hyning  writes:  ''Here  the  flow 
increased,  flowing  steadily  one  and  one-half  gallons  per  min- 
ute. When  we  tested  the  flow  with  a  deep  well  steam  pump 
throwing  fifty-two  gallons  per  minute,  an  eighteen  hour 
steady  run  lowered  the  water  125  feet,  but  on  stopping  the 
pump  it  raised  immediately  to  within  six  feet  of  the  top  and 
ceased  to  flow. ' ' 

At  2,208  feet  in  the  New  Richmond,  a  stream  was  struck 
with  a  lower  head  and  the  water  fell  to  fifty  feet  from  the 
surface,  822  A.  T.  At  2,3:}0  feet  the  water  fell  to  within 
eighty  feet  of  the  curb,  indicating  a  vein  in  the  lower  Oneota. 
No  other  fluctuations  are  reported,  but  on  the  completion  of 
the  well  the  water  was  found  to  stand  at  827  feet  A.  T.  forty- 
five  feet  below  the  curb. 

RKCORD  OF  STRATA. 

TUICKNBSfi.  DEPTH. 

78.    Till,  buff,  sandy,  with  a  few  pobbles,  non- 

oalcaivoiiJ^ 14  14 

77.     Shale,  blaek,  brittle,  carbonaceous 1  15 

76.     Shale,  fif  ray,  ••  fossil  if  erous'* 1  16 

75.     Shale,   black,   carlionaceous.    calcareous, 

highly  pyritiferous 3  19 

74.     Shale,  ffrav 4  2:^ 

73.     Shale  and  limestone,  l)luish-tj;'ray,  highly 

fossiliferous 15  38 

72.     Shale,  vari-colored 67  105 

71.  Shale,  bluish-iri*ay,  hijjrhly  and  finely  are- 
naceous, hard  . lU  115 

70.     Shale,  bluis   -jrray,  slightly  calcareous ...     60  175 

69.     Shale,  dark  drab  and  black,  carbonaceous     11  186 

6S.  Shales,  ^ray,  drab  and  puri)lish,  prac- 
ti(rally  non-calcareous:  on«»  foot  of  jifray 
chert  at  284  feet 312  498 

67  Chert  and  shale,  heavy  bed.  very  hainl  to 
drill:    the   most    of    the    sample    is    an 
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THICKNESS.         DEPTH. 

argillo-calcareous  powder;  of  250  dg  34 
dg  remain  after  washing  as  sand  of 
white  chert,  flint  and  limestone;  of  this 
residue  8  dg,  are  soluble  in  acid;  of  the 
216  dg.  washed  out  as  powder  62  dg.  are 
soluble  in  acid;  the  shale  is  reported  as 
caving  in  from  above,  but  its  calcareous 
nature  indicates  that  it  is  in  part  inter- 
stratified  with  chert  and  limestone 170  668 

66.    Limestone  and  chert,  b'ownish-gray 30  698 

66.    Shale,  light  blue  and  gray 40  738 

64.    Shale,  terra  cotta-red,  highly  calcareous.     10  748 

63     Shale,  light  blue-gray 25  773 

62.     Shale,  light  gray,  highly  calcareous,  fine 

cherty  residue 85  858 

61.     Limesione,   light  buff,  with  much   gray 

chert 80  938 

60.     Limestone,  light  blue,  gray,  crystalline,, 
saccharoidal,  effervescence  slow,  with 
considerable  white  gypsum 20  958 

59.    Limestone,  cherty,  crystalline,  blue-gray, 

effervescence  moderately  rapid 53  1,011 

58.  Limestone,  cherty,  crystalline,  saccha- 
roidal, dark  blue-gray  and  buff;  effer- 
vescence indicates  magnesian  lime- 
stone, but  not  dolomite 197  1,208 

57.  Gypsum  and  shale;  gypsum  gray  and 
white,  in  flakes;  shale  green,  perhaps 
from  above 15  1,223 

56.     Limestone,  light  blue-gray,  highly  s^len- 

iferous,  with  some  flakes  of  gypsum  ...  145  1,368 

55.     Limestone,  cherty,  arenatjeous;  grains  of 
sand,  minute  rounded;  much  shale    in 
rounded  fragments,  perhaps  from  above .     22  1,390 

54.  Dolomite,  buff,  crystalline,  granular  with 
much  chert  and  some  chalcedonic  silica, 
three  samples 55  1,445 

53.  Shales,  in  large  fragments,  purplish-yel- 
low and  green  Non-calcareous,  finely 
laminated 33  1,478 

52.    Dolomite,  in  yellow-gray  powder,  cherty.  260  1,738 

51.  Dolomites,  yellow,  buff  and  brown,  mostly 
cherty,  and  residue  finely  quartzose, 
five  samples 156  1,938 

50.     Shale,  green,  very  slightly  calcareous 8  1,946 
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THICKNESS.         DIPTH. 

49.     Dolomite,  brown,  arenaceous 30  1,976 

48.     Shale,  dark  green,  hard.  *'fo8siliferou8,'' 

practically  non-calcareous 10  1,986 

47.    Sandstone,  fine,  white,  grains  moderately 

well  rounded. 39  2,025 

46.  Shale,  drillings  consist  of  greenish 
powder  of  dolomite,  chert,  line  quartz 
sand,  green  shale  and  pyrite 7  2,032 

45.    Dolomite,  arenaceous,  and  cherty 30  2,062 

44.  Shale,  drab,  calcareous,  in  finest  powder, 
containing  grains  of  buff,  cherty  dolo- 
mite     23  2,085 

43.    Dolomite,   gray 5  2,090 

42.  Dolomite,  same,  with  minute  rounded 
vesicles  resembling  matrix  of  oolite 
from  which  grains  have  been  dissolved-      5  2,095 

41.     Dolomite 5  2,10D 

40.    Shale,  as  No    44,   "exceedingly  hard  to 

drill-'  - 40  2,140 

39.    Dolomite,  arenaceous,  gray;  two  samples.      8  2,148 

38.     Shale,  drab,  calcareous 6  2,154 

37.     Sandstone,  white  fine,  calciferous 10  2,164 

36.     Dolomite,  buff 7  2,172 

34.     Sandstone,  clean  whit<5  quartz  sand;  grains 

rounded 10  2,182 

33.     Dolomite,  buff 15  2,197 

32.     Sandstone,  buff,  grains  broken,  with  much 

dolomite 11  2,208 

31,     Sandstone,  friable,  white,  fine 2  2,210 

30.     Shale,  drab,  slightly  calcareous 4  2,214 

29.     Sandstone,   white 5  2,219 

28.     Dolomite,  buff,  white,  much  quartz  sand .      3  2,222 

27.     Shale 2  2,224 

26.     Sandstone,    gray     and     buff,    calciferous 

grains  largely  broken 14  2,238 

25.    Shale,  light  blue 5  2,243 

24.  Dolomites  of  various  tints,  often  cherty, 
argillaceous  at  :\2oO,  2,27:',  2,333,  2,340; 
arenaceous  at  2,270  and  2,3:^3;  at  2,305 
there  are  IT  feet  of  chert  of  various  col- 
ors, white,  blue  and  green:  32  samples .   175  2,418 

23.     Sand.stone,     white,     fine    grains,    mostly 

rough  surfaced:  with  some  dolomite 12  2,430 

22.     Dolomite,  brown,  in  chips 2  2,432 

21.     Sandstone 4  2,436 
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20.     Dolomite,  rough,  gray  and  brown 4  2,440 

19.     Sand.stonc*,  fine  white  and  reddish,  three 

samples         .  12  2,452 

18.     Shale,  light  blue-gray 2  2,664 

17.     Sandstone,  ottlciferous,  buflf 4  2.458 

16.     Dolomite,     arenaceous,    gray,    buff    and 

brown,  six  samples 30  2,488 

15.     Shale,  light  blue-gray 10  2,498 

14.     I>olomite,  gray  and  buff,  quartzy 9  2,507 

13.     Sandstone,  gray,  tine  calciferous 27  2,534 

12.     Marl,  highly  quartzose,  dolomitic,  argilla- 
ceous yellowish  powder,  tw^o  samples ...     19  2,553 
11.     Sandstone,  calciferous,   gray  and  white, 

three  samples 12  2,505 

10.  Sandstone,  in  sand  and  small  chips  resem- 
bling superficially  dolomite,  calciferous, 
glauconitic,  close  grained,  grains  white, 

gray  and  Imff,  t«n  samples    145  2,710 

9.  Shale  and  dolomite,  shale  hard,  dark 
bright  green,  slaty.  Dolomite  white, 
highly  siliceous,  with  much  greenish, 
translucent  amorphous  silica,  two  sam- 
ples. Of  the  second,  over  one-half  of  the 
weight  of  the  samples  is  soluble  in  aeid.  20  2,730 
«.  Sandstone,  buff  in  color,  in  iwwder,  glau- 
coniferous  This  rock  is  term^^d  sand- 
stone although  composed  chiefly  of  light 
colored  particles  of  impure  crypt ocrys- 
talline  silii'a  which  effervesce  freely  in 
acid:  fragments  of  cryst^iUine  quartz 
form  but  a  small  proi>ortion  of  the  drill- 
ings         20  2,750 

7.  Sandstone.  sacchai*oidal.  dark  with  pur- 
plish tinge,  dark  color  owing  to  numer- 
ous grains  of  glauconite,  pur])lish  tinge 
to  ferruginous  stains  on  quartz  sand. 
Sand  gniins.  rough  surfaced,  imjier- 
fectly  itmndeii.  many  fractured,  of  crys- 
talline silica 130  2.880 

i>.  Dolomite,  dark  gray,  irreenish  tinge. 
macriK-rystalline.  trluuctmiforous.  s])ar- 

ingl V  arenaceous 5  2.885 

0.     Sandst<»ne.  greenish,  grains  microscopic.       5  2.890 

4      Shale,  dull  gray,  line  grained  and  exceed- 

inglv  finelv  laminait.Hi 5  2.S95 
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THICKNE88.         DEPTH. 

Sandstone,  glauconiferouH,  calciferous, 
grains  imperfectly  rounded,  with  hard, 
dark  green  slaty  shale 15  2,910 

Marl,  in  buflf  Hour,  microscopically  arena- 
ceous, calciferous,   glauconiferous 50  2,960 

Marl,  pink,  calciferous,  arenaceous,  one- 
third  of  drillings  by  weight  insoluble 
in  acid:  to  bottom  of  well 40  3,000 


SUMMARY. 
FORMATION.  THICKNESS. 

78.  Pleistocene J4 

68-77.  Des  Moines 484 

66-67.  Mississippian 200 

62-65.  Kinderhook 160 

6L  Devonian 80 

54^-60.  Silurian 507 

53.  Maquoketa 33 

48-52.  Galena-Trenton 508 

47.  Saint  Peter 39 

39-46.  Upper  Oneota 1 24 

25  38  New  Richmond 94 

24.  Lower  Oneota 175 

8  23.  Saint  Croix 332 

1     7.  Basal  sandstone 250 
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DBPTIl. 
14 

A.  T. 

858 

498 

374 

698 

174 

858 

14 

938 

-66 

1,445 

573 

1,478 

-^6 

1,986 

1,114 

2,025 

-1,15:^ 

2,149 

1,277 

2,243 

1,371 

2,418 

1,546 

2,750 

-1,878 

3,000 

2,128 

Of  this  well  nothing  additional  has  been  learned  beyond  the 
facts  noted  by  Call.*  It  is  380  feet  deep  and  probably  draws 
its  supply  from  the  Mississippian .  The  following  analysis  of 
the  water  was  made  by  Prof.  Floyd  Davis.  The  figures  rep- 
resent grains  per  gallon. 

Calcium  carbonate 9.529 

I  ron  carbonate Trace 

Calcium  sulphate 34.389 

Magnesium  sulphate,* 27.709 

Sodium  sulphate 97.012 

Sodium  chloride 10.333 

Potassium  chloride Trace. 

Magnesium  phosphate .332 

Alumina 440 

Silica  and  insoluble  residue 8.628 


Total  solids 181.372 


*Iowa  Weather  and  Crop  Se  yice     February,  1^02 
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XLVIII.       REDFIELD.  * 

A  boring  made  in  search  of  oil  or  gas  at  Redfield  struck  a 
strong  flow  of  artesian  water  at  a  depth  of  280  feet.  It  is 
highly  chalybeate  and  runs  unused  into  the  Middle  Raccoon 
river.     The  well  curb  is  about  900  feet  A.  T. 

Another  artesian  well  located  on  the  South  Raccoon,  in 
Section  7,  Township  78  N.,  Range  29  W.,  seems  to  draw  its 
supply  from  the  same  source.     The  record  is  as  follows. 

THICKNESS.         DEPTH. 

5.    Shales,  alternating  red  and  blue 65  65 

4.    Sandstone 6  71 

3.    Slate  and  shale,  carbonaceous 200  271 

2.    Sandstone,  water-bearing,  white  and  pure  .    20  291 
1.     Limestone,  very  hard,  drilled  with  great 

difficulty 8  299 

XLIX.   SAYLORVILLE,  POLK  COUNTV. 

A  boring  1,800  feet  deep  is  reported  from  R.  24,  Twp.  79, 
Sec.  12,  Se.  qr.,  Nw.  i.  No  intelligible  record  has  been 
obtained.  A  flowing  mineral  well  less  than  400  feet  deep  is 
situated  in  Sec.  3,  Ne.  qr.,  Se.  i.  The  discharge  is  about 
5,000  gallons  per  hour  and  the  source  of  the  water  is  probably 
in  or  immediately  above  the  Mississippian. 

V.      WASHINGTON-DES   MOINKS  SECTION. 

This  section  is  exceptionally  satisfactory,  since  it  is  based 
upon  four  wells,  at  no  great  distance  apart,  and  of  which  we 
have  full  and  reliable  records.  It  joins  the  preceding  section 
at  Des  Moines.  The  attenuation  of  the  limestones  of  the 
Mississippian  toward  the  west,  noted  in  the  preceding  sec- 
tion, is  equally  striking  in  this.  The  Kinderhook  shales  are 
in  great  force  on  the  eastern  side  of  the  section,  but  diminish 
toward  the  west.  The  Devonian  limestones  are  thin,  but  it 
must  be  remembered  that  no  line  can  be  drawn  between  any 
upper  shales  of  this  formation  and  the  shales  assigned  to  the 
Kinderhook.  The  thickness  given  the  Devonian  at  Pella  may 
be  too  great.     Crystals  of  selenite  found  in  the  samples  of 

*ReiK>rted  by  Mr.  A.  O.  Leonard. 
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some  of  the  limestones,  here  placed  with  the  Devonian,  would 
suggest  an  alliance  with  the  gypseous  beds  beneath.  If  the 
western  border  of  the  superficial  area  of  the  Devonian  is  cor- 
rectly drawn  east  of  Washington  at  the  Cedar  river,  its  ele- 
vation there  can  scarcely  be  less  than  (500  feet  A.  T.  If  the 
base  of  the  heavy  shales  at  Washington  designated  as  Kinder- 
hook  is  really  the  summit  of  the  Devonian,  then  the  dip  of 
this  formation  from  its  outcrop  at  Columbus  Junction  is  over 
300  feet  in  less  than  twenty  miles.  This  gradient  is  rela- 
tively so  great  that  it  adds  some  weight  to  the  argument  for 
the  inclusion  of  at  least  a  part  of  the  Kinderhook  shales  with 
the  Devonian. 

The  assignment  of  theseleniferous  limestones  at  Des  Moines 
to  the  Silurian  is  corroborated  by  the  recurrence  of  gypsum 
and  gypseous  marl  at  the  same  horizon  at  Pella  and  Oska- 
loosa.  At  Pella  the  marls  are  particularly  heavy,  and 
scarcely  any  doubt  can  attach  to  their  age.  At  Sigourney 
the  Silurian  retains  its  northern  facies  of  a  cherty  dolomite, 
and  at  the  base  for  a  few  feet  is  minutely  arenaceous.  To  the 
east,  at  Washington,  the  arenaceous  element  has  largely 
increased,  and  the  formation,  as  described  by  Calvin,  consists 
of  over  100  feet  of  sandstones  more  or  less  calciferous. 

The  Maquoketa  here  loses  something  of  the  excessive 
thickness  it  attains  in  east  central  Iowa,  its  maximum  here 
being  from  Sigourney  to  Pella  from  159  to  190  feet. 

The  Trenton  thickens  from  Washington,  where  it  is  about 
300  feet  thick,  to  Des  Moines,  where  it  is  508  feet  thick. 
Throughout  the  section  the  upper  Trenton  is  magnesian  or 
dolomitic.  These  beds,  which  may  be  termed  the  Galena,  are 
everywhere  much  heavier  than  the  basal  shales  and  non- 
magnesian  limestones.  At  Washington  the  easy  passage  into 
the  Saint  Peter  is  illustrated,  where  the  basal  Trenton 
includes  a  thin  sandstone  resting  upon  an  arenaceous  shale. 

The  attitude  of  the  Saint  Peter  in  southeastern  Iowa  is  of 
special  interest.  The  regular  southwestward  dip  of  the  strata 
is  here  reversed,  and  a  low  dome  of  Ordovician  and  Cambrian 

25  G.  Kep. 
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terranes  forms  a  marked  stratigraphical  feature.  From  Dav- 
enport to  Washington,  forty-eight  miles  west  southwest,  the 
Saint  Peter  rises  about  100  feet  and  the  summit  of  the  Tren- 
ton about  50  feet.  From  Aledo,  Illinois,  fifty  miles  west  of 
Washington,  the  Saint  Peter  rises,  perhaps,  100  feet,  its 
position  at  Aledo  being  not  accurately  known.  The  Saint 
Peter  is  nearly  horizontal  from  Washington  to  Ottumwa,  but 
on  the  southeast  it  rises  toward  Keokuk.  Tlie  attitude  of  the 
formation  will  be  more  readily  seen  on  the  map  (Plate  XXII). 

Over  the  eastern  part  of  the  section  the  magnesian  series 
probably  continues  to  hold  the  immense  thickness  which  it 
has  been  seen  to  attain  in  the  region  of  Davenport.  At  Sig- 
ourney  the  drillers  report  over  850  feet  of  "sandstone"  under- 
lying the  Saint  Peter. 

Gordon  and  Bain  both  interpret  this  as  limestone,  and  the 
two  samples  preserved,  and  the  evidence  from  other  wells, 
corroborate  their  judgment.  The  probability,  however,  is  not 
excluded  of  the  presence  within  the  850  feet  of  the  intermedi- 
ate sandstones,  the  New  Richmond  and  the  Jordan.  The 
records  of  a  deep  boring  at  Aledo,  Illinois,  confirm  the  great 
thickness  assigned  to  the  magnesian  series.  In  a  private 
letter  Mr.  Frank  Leverett,  of  the  United  States  Geological 
Survey,  describes  eight  samples  of  limestone  extending  from 
1,300  feet  from  the  surface  to  2,100  feet,  interrupted  so  far  as 
the  samples  show,  only  by  15  feet  of  red  marl'at  1,330  feet,  and 
by  white  sandstone  at  2,000  feet.  The  magnesian  series  may 
then  be  estimated  as  800  or  iKX)  feet  thick  in  the  region  of 
Aledo,  its  base  lying  at  about  1,350  or  1,450  feet  below  sea 
level.  At  2,200  feet  from  the  surface  samples  of  sandstone 
begin,  which  continue  to  3, 130  feet,  giving  place  to  gray  calcare- 
ous shale  at  2,400,  feet,  and  to  a  caving  shale  at  2,442  feet. 
From  2,500  feet  to  the  bottom  of  the  boring,  the  sandstone  is 
prevailingly  brownish  and  of  loose  texture.  These  sandstones 
undoubtedly  are  the  continuation  of  those  we  have  designated 
as  the  Basal  sandstone,  and  their  thickness  of  at  least  nearly 
1,0(K)  feet,  together  with  the  massiveness  of  the  Magnesian 
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series,  shows  the  task  set  before  the  adventurous  driller  who 
would  discover  the  Algonkian  in  this  district. 

While  the  profile  does  not  represent  with  accuracy  of 
detail  the  surface  of  the  country,  it  sets  forth  the  significant 
difference  between  recent  river  erosion  and  that  of  Quater- 
nary or  still  earlier  geological  time.  The  present  rivers  that 
cross  the  section  must  cut  their  valleys  300  feet  deeper  before 
they  reach  the  level  of  the  fluvial  floor  of  the  drift-filled  val- 
ley at  Washington. 

Artesian  CQuditioiis  in  Soufh^aMern  Iowa. 

Along  the  line  of  the  Washington-Des  Moines  section,  and 
southeastward,  the  artesian  indications  are,  on  the  whole, 
favorable.  There  are  several  formations  which  may  furnish 
artesian  water.  The  Niagara  yields  bountifully  at  Keokuk  and 
Ft.  Madison,  and  largely  at  Centerville.  The  Galena-Tren- 
ton seems  to  afford  part  of  the  supply  at  Pella,  although  from 
this  town  our  reports  as  to  water  horizons  are  vague.  The 
flow  at  Ottumwa  rises  from  the  Saint  Peter,  if  our  informa- 
tion is  correct,  and  a  strong  current  was  found  in  the  same 
formation  at  Sigourney.  The  Magnesian  series  is  water- 
bearing and  in  large  quantities.  The  Basal  sandstone  here 
lies  so  deep  that  the  expense  will  probably  prevent  borings 
being  carried  so  far  beneath  the  surface.  Its  capacities  are 
illustrated  in  the  well  at  Aledo,  III.  Water  was  here  obtained 
in  the  fli'st  100  feet  of  the  Basal  sandstone,  and  another  flow 
was  found  below  2,910  feet  from  the  surface  with  a  head  at 
708  feet  A.  T. ,  forty-five  higher  than  the  head  of  the  water  of 
the  Saint  Peter.  Especially  along  the  Mississippi  and  Des 
Moines  valleys  deep  borings  for  artesian  water  are  recom- 
mended with  the  utmost  confidence.  In  quality  the  deeper 
waters  will  be  found  better  than  the  veins  above  the  Saint 
Peter.  Each  flow  should  be  carefully  measured  and  should 
be  analyzed  quantitatively  by  an  expert  chemist.  Water  from 
the  Carboniferous  series,  both  Coal  Measures  and  Mississip- 
pian,  should  be  effectivelj^  cased  out. 
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L.      WASHINGTON.  * 

NO.  8.  NO.  3. 

Owner  .--— Town.  Town. 

Depth 1,611.  1,217. 

Head  of  water,  orij^inal 44  feet  t  68  feet.f 

Head  of  water,  present ..54  feet.t 

Capacity  in  gralloDS  per  minute 05.  62. 

Temperature,  reported 72*^. 

Bore 10  to  4i  in.  12  to  6  in. 

Date  of  beginning Nov.  5,  1890.  Nov.  20,  1896. 

Date  of  completion Nov.  12,  1891.  Feb.  1,  1897. 

Driller J.  P.  Miller  «&  Co.  O.  G.  Wilson. 

The  casing  of  No.  2  is  as  follows:  to  244  feet,  10  inches; 
from  220  to  461  feet,  (Hr  inches;  from  563  to  818  feet,  5i  inches; 
from  1,400  to  l,4G8.feet,  4J  inches. 

ANALYSIS  OF  NO.  1,  OK  OF  NO.  2. 

GRAINS 

COMPOUND.  PEK  GAI^JiON. 

Calcium  carbonate «-.,. 2.811 

Magnesium  carlwnate 8.961 

Feri»ous  carbonate Trace 

Calciimi  sulphate 14.402 

Sodium   sulphate 31.952 

Sodium  chloride .-- — 5.325 

Potassium  chloride 1.015 

Sodium  phosphate Trace 

Silica  and   insoluble  residue .- ^     2.049 

Alumina 103 


Total   solids 66.618 

SANITARY   ANALYSIS. 

Loss  on  itjnition... 8.606 

Chlorine 3.716 

Free  ammonia .»       .010 

Albuminoid    ammonia « .003 

Nitr()<»"en  in  nitrates  and  nitrites None 

Total  hardness,  Clark's  scale 24.0 

Temporary  hardness 13.4 

IVrmanent  hardness 10.6 

Ther author  of  both  of  the  aliove  analyses  is  Prof.  Floyd  Davis,  Des  Moines. 
Authority,  rejiort  of  (rity  clerk. 


^Reported  by  Messis.  St.  Glair  Lewis  and  J.  J.  Kelloizg. 
t  Below  surface. 
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RECORD  OF  STRATA. 

The  following  is  an  abstract  of  the  description  of  the  sec- 
tion in  the  article  by  Calvin,*  and  seems  to  be  of  a  still  earlier 
well  not  reported  by  our  correspondents. 

FORMATION.  THICK  NISS.  DKPTH. 

Drift  and  modified  drift,  forest  bed  at  115  feet  350  350 

Shale,  dark,  in  part  calcareous,  lower  part  of 

Kinderbook 82  432 

Unknown 25  458 

Limestone  and  shales:  li^ht  colored:  at  458  feet 

of  rather  fine  texture,  with  fragments  of 

Devonian  fossils.     Samples  at  500.  Devonian      .  532 

Sandstone,  calciferous  at  532,  passing  into  a 

purer  sandstone  at  585,  last  sample  at  632. 

Niagara -- 702 

Shale,  bluish  or  greenish,  sometimes  with  an 
admixture  of  sand,  and  again  with  some  cal- 
careous matter,  last  sami)le  at  793.    Maqtio- 

keta 803 

Limestone,  magnesian,  grayish,  bust  sample  at 

963      Trenton 1,020 

Limestone,  characteristics  of  Trenton;  at  1,020 
dark,  tine  grained,  and  mixcul  with  consider- 
able carbonaceous  shale,  last  sample  at  1.059  _..  1,0!<2 

Sandstone.     Trenton 2  1.0S4 

Shale,  arenaceous      Trenton --     16  1,100 

Sandstone,  usual  (;hara(?teristics  of  Saint  Peter.  100  1,200 

Unknown    28  1,228 

Shale,  bluish 2  1,230 

Sandstone,  gray,  at 1,230 

LI.      SIGOURNEY. + 

Owner -  Town. 

Depth  1,888  feet. 

Elevation  of  (!urb 756  A.  T. 

Head  of  water 72t>  A.  T. 

Diameter 6  to4J  inches. 

Mr.  Bain  gives  the  following  history  of  the  well:  "A 
moderate  flow  was  obtained,  but  has  never  been  used  to  any 
great  extent.     At  1,320  feet,  in  the  Saint  Peter  sandstone,  a 

*  American  Geologist,  vol.  T,  p.  28. 

-^  We  are  indebted  for  the  facts  relating  to  the  well  at  Sigourney  to  an  article  upon  It  by 
Bain.  Proc.  Iowa  Acad.  Scl.,  vol.  I.  part  IV,  pp.  36-3d,  and  to  a  report  made  by  Oapt  J.  T. 
Parker. 
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vein  of  water  was  struck  which  contained  mineral  matter  and 
possessed  a  strong  odor.  At  1,360  feet,  in  the  same  forma- 
tion, an  opening  was  struck  and  the  drill  suddenly  dropped 
two  feet.  A  strong  current  of  fresh  water  carried  off  all  the 
samples,  and  the  water  increased  to  the  depth  of  1,388  feet, 
when  it  flowed  over  the  top  of  the  well  while  drilling  and 
stood  within  thirty  feet  of  the  top  when  the  drill  was  at  rest. 
No  more  water  was  struck  from  here  to  the  bottom  of  the 
well."  The  water  corrodes  iron  badly.  The  majority  of  the 
people  do  not  like  its  taste,  and  even  stock  will  not  drink  it 
freely.  The  casing  is  said  to  extend  to  a  depth  of  1,091  feet. 
This  cuts  off  all  water  above  the  Maquoketa. 

RECORD  OP  STRATA. 

STRATA.  THICKNESS.  DEPTH. 

50.     Drift 60  50 

49.     Shale,  blue,  with  a  few  pebbles  of  the  drift 

fallen  from  above 18  68 

48.  (lay,  brown,  line,  non-calcareous,  in  flakes: 
disaggregates  in  water  with  about  ten 
times  the  difficulty  of  blue  till;  quartzose 
and  cherty  residue;  drillings  contain 
some  pebbles  of  glacial  derivation 30  98 

46.     Limestone,  brown-gray,  arenaceous 22  120 

45.  Limestone,  gray,  arenaceous,  cherty,  sam- 
ples at  120  and  125  feet 15  136 

44.     Shale,  calcareous;  with  much  gray  flint  in 

flakes 20  156 

43.  Limestone,  highly  siliceous,  highly  argil- 
laceous, with  much  flint  and  blue  shale, 
drillings  consLst  largely  of  chert -     10  166 

42.     Limestone,  bluish  gray,  drillings  mostly 

chert  of  the  same  color .- 5  170 

41.     Limestone,  bluish   gray  or  shale,  highly 

cherty,  quartzose  and  argillaceous 17  187 

40.     Shale,  blue,  cralcareous,  highly  siliceous.       3  190 

3S).     Limest(me,  blue-gray,  highly  cherty 5  196 

38.     Limestone,  soft,  blue-gray 10  206 

37.     Limestone,  blue-gray,  with  much  chert..      6  210 

36.     Limestone,  light  bluish,  earthy  luster,  in 

large  flakes,  highly  siliceous 15  225 

35.     Limestone,  blue-gray 15  240 

34.     Limestone,  drab,  granular 10  250 
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S3.    Limestone,  brown,  somewhat  cherty 6  256 

32.    Chert,  blue-frray 14  270 

31.     Limestone,  brown,  somewhat  ohertv  . 16  285 

30.  Limestone,  light  gray,  soft,  angular,  crys- 
talline            25  310 

2ft.  Shale,  hard,  greenish,  calcareous,  micro- 
scopically siliceous,  in  fragments,  sam- 
ples at  3.0  and  315 20  330 

28.  Shale,  dark  greenish,  in  large  fragments, 
calciferous:  so  highly  siliceous  with 
microscopic  particles  of  limpid  quartz, 
that  it  might  perhaps  be  called  sand- 
stone, samples  at  .'^30,  331  and  335 12  342 

27.  Limestone,  light  and  darker  blue-gray,  in 
flaky  (!hii)s, argillaceous  and  microscopic- 
ally arenaceous       14  356 

26.     Shale,  greenish,  soft,  slightly  calcareous, 

fine  grained,  samples  3  6,  387, 388  and  422  198  554 

25.     Limestont,  green-gray,  argillaceous  .     ..31  585 

24.     Shale,  indurated,  calcareo-siliceous     21  606 

23.  Shale,  calcareous:  or  limestone,  argillace- 
ous, highly  fossil  if  erous;  drillings 
largely  fragments  of  spirifera,  orthis, 
and  perhaps  other  brachiopoils,  and  of 
crinoid  st^ms 12  618 

22.     Limestone,  V)lue-gray,  earthy  luster,  fossil- 

iferous    12  630 

21.     Limestone,  brown  and  bulT,  earthy  luster, 

fossiliferous 25  668 

20.     LimesUme,  soft,  yellow,  earthy  luster,  four 

samples        25  668 

19.     Limestone,  gray,  cherty     5  673 

18.     Limestone,  white,  in  powder 52  726 

17.     Limestone   magnesian,  bulT,  in  sand,  two 

samples _ 5  730 

16.  Dolomite,  gray  bulT,  in  chips,  sulx'rystal- 
line,  with  much  white  chert,  sami)les  at 
730  and  750 66  786 

15.     Dolomite,  yellow,  bulT   and   gray,  mostly 

cherty,  samples  at  786,  795,  805,  830,  835    79  865 

14.  Limestone,  magnesian:  drillings  mostly  of 
white  and  translucent  chert,  with  inter- 
Ixnlded  cubes  of  pyrite,  and  a  large 
ninnl»er  of  minute  rounded  grains  of 
limpid  quartz 6  871 
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STRATA.                                                                             THICKNESS.  DEPTH. 

13.     Shale   samples  at  871.  876,  882,  890,  920, 
990,   and  1,005;  blue,  green,  gray  and 

drab 159  1,030 

12.     Dolomite,  brown,  hard,  argillaceous 25  1,056 

11.     Limestone,  light  yellow-gray 34  1,089 

10.     Dolomite,  brown 

9.  Limestone,  ma^nesian,  cherty,  white, 
gray,    buff  and    brown:  all    effervesce 

more  rapidly  than  Galena  dolomite 149  1,238 

8.     Chert 17  1,255 

7.     Limestone,  light  yellow-gray,  cherty 5  1,260 

6.     Limestone,  as  No  7.  with  a  little  shale  ..     15  1,275 

5.    Shale,  green,  soft,  calcareous 6  1,281 

4.     Limestone,  gray 9  1,290 

3.     Limestone,  magnesian.  brown 25  1,315 

2.  Sandstone,  line  grained,  white  and  light 
gray  in  mass:  mostly  in  angular  frag- 
ments with  some  rounded  grains,  sam- 
ples at   1,315,  1,320,  1,329,   1,340,   1,300, 

1,388,  1,430 115  1,430 

1.    Dolomite,  samples  at  1,800  and  1,828 28  1,828 

The  same  reixirted  to  continue  to 60  1,888 

SUMMARY. 

This  section  is  based  largely  upon  the  determinations  of 
Bain,  published  in  the  ai'ticle  to  which  reference  already  has 
been  made. 

FORMATION.                                          TIlICKNBSei.     DEPTH.  A.  T. 

50.     Pleistocene 50             50  706 

42-49.      i                            I  Saint  Louis  137           187  569 

2S-41.      ^  Mississippian  -  Augusta...  1«'.»           356  400 

27.      \                            I  Kinderli(K)k  198           554  202 

18-26.     Devonian 171           725  31 

14-17.     Silurian 146           871  -115 

13.     Maquoketa 159        1,030  -274 

:\  12.     Galon  a-Trenton 285        1,315  557 

2.     Saint   Peter 115        1.430  -674 

1.     Onoota 458        1.888  -1,132 

Lll.       OSKALOOSA.* 

At  some  time  previous  to  1888,  a  deep  well  was  bored  at 
Oskaloosa  to  a  depth  of  2,800  or  3,000  feet.  Several  compa- 
nies were  engaged  in  it,  litigation  ensued,  and  the  well  was 

*  Reported  by  Hon.  Hen.  McOoy  and  Mr.  F.  E.  Wothorell. 
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abandoned.     The  record  of  the  strata  for  the  firet  1,200  feet 
is  as  follows. 

STRATA.                                                                                 THICKNISS.  DEPIH. 

34.     Soil,  black 5  5 

33.    Clay,  joint 33  38 

32.     Sand  and  gravel 3  41 

31.    Clay,  blue 9  50 

30.     Fire  clay 13  63 

29.    Slate,  black 34  97 

28.     Coal 10  107 

27.     Sulphur  [Pyrite] * 

26.     Limestone 20  127 

25.     Soapstone 12  139 

24.     Sandstone,  gray 9           .      148 

23.     Plumbajro,  traces  [?] i  149 

22.     Sandstone,  gray 12  161 

21.     Flint    4  1<)5 

20.     Limestone 15  180 

19.     Sandstone 9  189 

18.     Plumba^ro,  traces  [?] 1  190 

17.     Sandstone 10  200 

16.    Slate,  black. 50  250 

16.     Slate,  white 20  270 

14.     Porous  rock 10  280 

13.     Limestone 336  610 

12.     Slate no  720 

11.     Marble,  Iowa,  hard 150  «70 

10.     Limestone,  very  dark,  hard,  with  streaks 
of  sandrock,  and  mica,  also  fosils  at 

935  feet 100  970 

9.     Sandstone,  hard,  fif ray 7  977 

8.    Gyi)sum  and  maj^nesia .._ 5  982 

7.     Feldspar  [Calc-spar  ?] 15  997 

6.     Sandrock,  iH)rous » 5  1.002 

5.     iruknown • 74  1,076 

4.     Slate,  black 19  1,095 

3.     Slate,  blue 20  1,115 

2.     Limerock 35  1,14^ 

1      Shite,  blue 60  1,200 

SUMMARY. 

THICKNESS.  DSPTH.  A.T.* 

31-34.     Pleistocene  and  Recent.-.-     50  60  793 

22-30.    Des  Moines Ill  161  682 

13-21.     Mississippian 455  610  233 


*The  elevation  of  the  0.,  B.  I.  &  P.  station,  843  A.  T.  Is  taken  as  probably  near  the  eleva- 
tion of  the  curb. 
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12.  Kinderhook 110  720  123 

11.  Devonian 150  870  -  27 

5-10.  Silurian 276  1,076  -233 

1-4.  Maquoketa 124  1,200  -357 

The  thickness  assigned  to  the  Coal  Measures  may  be  too 
small.  If  No.  16  is  really  the  black  fissile  shale  called  by 
miners  ''slate,"  they  may  extend  to  573  A.  T.  But  in  No.  4 
the  driller  seems  to  use  the  phrase  as  equivalent  to  dark  shale. 
By  comparisons  of  elevations  with  the  Washington-Des  Moines 
section,  which  passes  six  miles  north  of  Oskaloosa,  it  will 
be  seen  that  No.  12,  which  is  evidently  the  Kinderhook,  lies 
about  fifty  feet  lower  than  it  is  there  drawn.  On  the  other 
hand  the  Maquoketa  falls  in  place  with  a  gratifying  exact- 
ness, and  the  gypsum  of  No.  8  assists  in  the  correlation  of 
this  part  of  the  section  with  the  Siluiian. 

Lni.       PELL  A.* 

Owner »— Town 

Depth 1,803  feet. 

Elevation  of  curb  A.  T. 868  feet. 

Head  of  water  A.  T..  768  feet. 

Capacity  in  gallons  per  minute 250. 

Date  of  beginning ..May  20,  1895. 

Date  of  completion May  30,  18ft6. 

Drillers J.  P.  Miller  &  Co. 

Water  was  found  at  150  feet;  from  1,300  to  1,685  feet,  Tren- 
ton; and  from  1,685  to  1,803,  Saint  Peter  and  Oneota.  From 
the  first  source  water  rose  in  the  tube  to  within  100  feet  of 
the  surface,  where  it  remained  without  fluctuation  to  the  end. 
By  packing  it  was  found  that  the  lower  source  alone  was 
entirely  inadequate.  No  complete  analysis  has  been  reported. 
An  analysis  made  to  ascertain  the  quality  of  the  combined 
flow  as  a  boiler  water  proved  it  entirely  unsuited  to  this  use 
on  account  of  the  large  amount  of  calcium  sulphate  present. 
If,  as  reported,  the  total  dissolved  solids  amount  to  490.70 
grains  to  the  U.  S.  wine  gallon,  the  water  is  also  unfit  for  a 
town  supply. 

*  Reported  by  Bir.  J.  D.  Gaass,  who  also  secured  for  the  Survey  one  of  the  most  complete 
sets  of  drillings  in  the  state 
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The  diameters  of  the  bore  are  reported  as  follows:  12- 
inch,  200  feet;  10-inch,  102  feet;  8-inch,  220  feet;  7-inch,  317 
feet;  6-inch,  230  feet;  5-inch,  124  feet.  Tubing  is  sunk  to  the 
depth  of  1,293  feet. 

RECORD  OF  STRATA 

THICKNB88.  DEPTH, 

N08.  STRATA.  FEET.  FEET. 

62.     Humus H  6 

61.  Till,  yellow,  mottled  with  ^ray:  clay  pre- 
dominant ingredient,  ochreous  mxlules. 
caleareous 64  60 

60.     Till,  blue,  dense,  touji^h,  calcareous    50  110 

59.  Sand  and  jifravel,  pebbles  mostly  bulT, 
impure  limestone  and  greenish  and  black 
siliceous  clay  stone,  a  fra^ient  of  coal 
noted  and  one  of  fossil  wood 25  135 

58.  Clay,  dark,  yellow-g-ray,  sandy,  with  a  few 
small  pebbles  and  fragments  of  gray 
unctuoas  shale »«. 55  190 

57.    Sand,  very  coarse,  with  fragments  of  gray 

and  black  shale 2  192 

56.  Gravel,  coarse,  up  to  5  c  m  in  diameter, 
surfaces  stained  with  ferric  oxides,  in  a 
matrix  of  black  ferruginous  clay  or  shale: 
greenish-black,  argillo-siliceous  pebbles, 
22:  clay  ironstones.  13:  flints.  6:  lime- 
stones, 1 6:  jasper  and  quartz,  6:  sand- 
stones, 2 3  195 

55.  Shale,  black,  gravellv  at  235  and  245  feet: 
fissile  and  gravelly  at  272  feet:  at  the  lat- 
ter the  pebbles  of  the  sample  comprise 
the  following:  Limestone,  9;  green 
argillo-siliceous  pebbles,  6:  flints.  12:  red 
and  yellow  jaspers,  3:  Ave  samph?s   90  285 

54.     Shale,  dark  gray 2  287 

53.     bhale.  hard,  black,  flnely  laminated,  pe)>- 

bly,  two  samples    43  330 

52  Limestone  and  shale,  in  bluish-gray  con- 
(?reti,*d  argil hwalcareous  powder,  con- 
taining a  few  minute  fragment,s  of  light 
gray  limestone,  some  chalcedony,  drusy 
(juartz  and  quartz  ci'ystals 5  345 

51.     Limestone,  in  ttne  (Team-colored  powder.-  30  375 
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THICKNC88.         DSPrB. 
NOB.  STRATA.  TKWTT. 


50.  Limestone  and  shale,  in  concreted  powder, 
washing  discloses  gray  limestone  sand, 
discs  of  crinoid  stems,  chalcedony,  and 
white  chert,  and  particles  of  hard  blue- 
green  shale - 25  400 

49.     Shale,  blue,  highly  calcareous 5  405 

48.     Shale,  blue-gray,  slightly  calcareous 15  420 

47.  Shale  and  limestone,  in  light  blue-gray 
argillo-calcareous  i)owder  containing 
some  limestone  and  chert 30  450 

46.  I-iimestone  and  shale,  in  light  blue-gray, 
argillo-calcareous  powder,  containing 
some  limestone  and  chert 10  460 

45.  Shale  and  limestone  in  powder  as  alx)ve, 
containing  some  fragments  of  dark  gray 
flint  and  a  few^  particles  of  limestone  ...  20  480 

44.  I-iimestone  (V),  sample  consists  of  highly 
argillaceous  calcareous  powder,  contain- 
ing many  chiiw  of  blue  and  gray  flint,  a 
few  of  light  yellow-gray  limestone,  and 
some  of  shale. 30  510 

43.  Limestone,  drillings  cons'st  of  chips  of 
blue  and  gray  Hint,  drusy  qiuirtz.  chal- 
cedony, blue  shale,  and  many  chi^w  of 
an  earthy  bulT  1  imestone 5  615 

42.  Limestone,  light  yellow-gray,  in  sand,  with 
argillaceous  ])owder,  with  some  chalce- 
dony  85  600 

41.     Shale,  green,  flssile,  some  drab 100  700 

40.     Shale,    green,    somewhat    calcaivous,    in 

moulded  masses 25  725 

39.  Limestone,  nearly  whit*?,  soft,  earthy  lus- 
tre, rapid  effervescence 10  735 

38.  Limestone,  jis  above,  with  sand  of  hard 
brownish-gray  magnesian  limestone  or 
dolomite 10  745 

37.  Limestone,  magnesian,  light  brown, 
coarsely  crystalline,  (flose  textured,  elTer- 
vescenceslow,  a  few  fragments  of  selenite 
not<jd;  residue  dark  brown,  argillaceous: 
four  samples 55  800 

36.  Limestone,  soft,  in  part  chalky,  efferves- 
cence rapid 20  820 

35.  Limestone,  light  gray-brown,  magnesian, 
with  some  "clod"  shale  of  same  color;  two 
samples 20  840 
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THICKNESS.         DEPTH. 
N08.  STRATA.  FEBT.  FEET. 

34.  Limestone,  liffht  gray,  crystalline,  highly 
cherty,  drillingK  rusted  so  as  to  appear 

buff  in  mass 10  850 

33.     Limestone,  blue-gray,  in  large  Hakes 10  860 

32.  Limestone,  light  brown-gray  and  gray;  at 
860  a  few  crystals  of  sclenite;  four  sam- 

pies 30  890 

31.  Marl,  gypseous,  in  gray-white,  concreted 
powder  largely  comixwed  of  gyiwura,  with 
some  limestone,  argillaceous  matter,  and 
microscopic  crystals  of  quartz,  two  sam- 
ples   35  925 

30.  Limestone,  light  gray,  mottled  with  dark 
drab,  in  large  flaky  chijis,  with  numer- 
ous crystals  of  selenite 10  935 

29.  Dolomite,  in  chips,  hard,  gray;  two  sam- 
ples   20  955 

28.  Marl,  gypseous  or  gypsum;  in  light  yellow, 
nearly  white  powder,  concreted  into 
tough  masses,  breaking  with  smooth, 
slightly  c(mchoidal  fracture,  difficultly 
friable  with  lingers.  In  acid  does  not 
disaggregate,  though  slightly  calcuireous. 
Under  the  microsco])e  anhydrite  is  seen 
to  be  an  important  constituent  and  some 
pyramidal  crystals  of  quartz  are  olwervcd  15  970 

27.     Shale,  blue-gray,  strongly  calcareous:  two 

samples 45  1,015 

26.  Limestone,  magnesian,  light  brown,  crys- 
talline    11  1,026 

25.  Limestone  and  shale;  limestone  gray, 
earthy  i)yritifer<)us.  Shale,  light  green, 
fossilifeious 19  1,045 

24.  Limestone,  magnesian,  light  brown,  crys- 
talline      5  1,050 

23.     Limestone,     mottled     gray,     (crystalline, 

highly  gypseous 5  1,055 

22.     Marl,  gyjiseous,  as  No.  28,  with  some  light 

gray  impure  limestone,  and  some  shale..  25  1,080 

21.     Marl,  gyi)seous,  as  No.   28:  four  samples; 

at  1,110  a  ff'W  thin  Hakes  of  limestone.. .  50  1,130 

20.     Limestone,  magnesian,  buff,  gyiweous 5  1,135 

19.  Limestone,  in  flaky  chips,  earthy,  soft,  gyp- 
seous, light  gray 3  1,138 

18.     Dolomite,  light  blue-gray,  hard,  irregular 

fracture,  micro-crystalline,  two  samples  1     7  1,145 
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THICKNESS.         DBPTH. 
NOS.  STRATA.  FBVT.  FIBT 

17.     Shiilu,  jjreen,  fjreen-gray,  drab  and  slightly 
purplish,     slightly    or     non-calcareou*3, 

hard  and  lissile,  four  samples 115  1,260 

16.     Shale,  in  moulded  masses,  drab,  somewhat 

calcareous,  with  fine  dolomitic  sand 75  1,335 

15.     Dolomite,  gray,  crystalline,  cherty,  in  line 

sand,  four  samples .... 90  1.425 

14.     Limestone,   rather  soft,   with   much  gray 

flint  and  a  little  brown  bituminous  shale.  10  1,435 

13.     Limestone,  magnesian.  in  light  bufT  sand, 

two  samples 20  1,455 

12.     Limestone,  soft,  white,  effervescence  rapid    5  1,460 

11.     Limestone,  magnesian,  yellow-gray 5  1,465 

10.     Limestone,  light  browp,  crystalline,  effer- 
vescence rapid,  two  samples  10  1,475 

9.     Limestone,  magnesian,  buff,  crystalline ._  _     5  1,480 

8.  Dolomite,  cream-yellow,  and  buff,  and 
brown;  mostly  cherty:  residue  after 
digestion  in  acid  microscopically  aren- 
aceous or  quartzose  in  several  samples. 
Chert  usually  pyritiferous  wi  h  imbedded 

crystals,  eleven  samples 103  1,593 

7.  Limestcme,  brown,  cherty,  with  some  small 
chii)s  of  dark  brown  bituminous  shale, 

two  samples 32  1,615 

6.     Limestcme.  magnesian,   gray,   crystalline, 

with  hard,  slaty,  blue-green   shale 15  1,635 

5.     Limestone,  magnesian,  light  buff 15  1,650 

4.     Ijimestone,  gray,   earthy,    crystalline,    of 

rajnd  effervescence:  two  samples 35  1,685 

3.     Sandstone,  clean,  white  quartz  sand,  usual 

fdcies  of  Saint  Peter,  two  samples 15  1,700 

2.     Dolomite,     drillings     highly    arena(»eous, 

cherty,  gray  and  buff,  three  samj>les 40  1,740 

1.     Dolomite,  buff 20  1,760 

SUMMARY.* 

THICKNESS  DBPIH    A.  T. 
NOS.         FORMATION.  FEKT.      FEET.     FEET. 

59-62.  PleisUK-ene 135  135  733 

53  5«.  Des    Moines 195  330  538 

42-52.  .Mississipf>ian  270  600  268 

40-41.  Kinderhook 125  725  143 

^It  is  su>;gested  bv  Mr.  Bain  that  the  local  stratitrraphy  f  ivors  the  reference  of  Nos.  56-68 
to  the  IMeistocore  It  is  possible  that  the  ro'il  measure  material  of  the  samples  belongs  to  a 
till  unusually  rich  in  such  fra^meuts.  Tho  glacial  mat-eriul  of  the  samples,  which  we  have 
talcen  to  have  fallen  in  from  ut>ove,  may  belong  to  till  at  the  horizons  stated. 
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THICKNESS     DEPTH         A.  T. 
NOB.  FORMATION.  FEET.  FEET.  FEET. 

32-39.  Devonian 165  890  -22 

18-3L  Silurian  255  1,145  -277 

10-17.  Maquoketa 190  1,335  -467 

4  15.  Trenton  350  1,685  -817 

3.  Saint  Peter 15  1,700  -832 

1-2.  Oneota,  penetrated 60  1,760  -892 

WELLS   OF    SOUTHEASTERN   IOWA. 

Geological  Notes. 

The  salient  feature  disclosed  by  the  present  investigation 
in  the  geology  of  the  deeper  strata  in  southeastern  Iowa  is 
the  Ordovician  dome,  to  which  reference  already  has  been  made. 
The  areal  and  vertical  extent  of  this  elevation  is  exhibited  in 
map  (Plate  XXII),  by  isometric  lines,  showing  the  height  of 
the  summit  of  the  Saint  Peter  sandstone  above  the  sea  level  as 
datum.  The  steepest  slope  lies  apparently  on  the  west,  where 
the  Saint  Peter  declines  with  a  comparatively  steep  gradient 
to  the  great  trough  of  south  central  Iowa.  To  the  northwest 
the  descent  is  gentle,  and  to  the  north  a  col  connects  with 
the  much  higher  elevations  of  the  lower  Ordovician  in  north- 
eastern Iowa.  Toward  this  dome  the  Silurian  and  Devonian 
strata  grow  measurably  thinner.  At  Keokuk  the  entire 
thickness  of  the  strata  from  the  base  of  the  heavy  shales 
assigned  to  the  Kinderhook  to  the  Saint  Peter  is  only  380 
feet,  as  contrasted  with  an  assemblage  of  the  same  strata  040 
feet  thick  at  t'enterville  and  nearly  1,000  feet  thick  at  Pella. 
•  None  of  the  wells  in  this  group  are  known  to  reach  the 
base  of  the  Magnesian  series.  At  Centei'\'ille  the  drill  had 
not  discovered  the  Basal  sandstone  at  a  depth  of  715  feet 
below  the  Saint  Peter.  This  is  not,  however,  a  massif  of 
dolomite.  One  hundred  and  ten  feet  of  comparatively  pure 
dolomite  is  followed  by  thin  interbedded  dolomites  and  sand- 
stones passing  into  the  heavier  beds  of  sandstone  which  make 
up  the  New  Richmond.  Below  these  arenaceous  beds  lie 
dolomites,    arenaceous    or    interbedded   with   sandy   layers, 
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passing  in  places  into  purer  sandstone,  in  all  so  far  as  pene- 
trated 370  feet. 

At  Ottumwa  870  feet  of  limestone  and  shales  are  referable 
to  the  Oaeota,  and  in  one  record  the  New  Richmond  is  repre- 
sented by  122  feet  of  sandstone  lying  120  feet  below  the 
Saint  Peter.  At  Keokuk  there  are  reported  below  the  Saint 
Peter  755  feet  of  limestone  alternating  with  sandstone.  The 
conclusion  of  Gordon  that  the  maximum  thickness  of  this  for- 
mation within  the  limits  of  Iowa  can  not  be  less  than  1,000 
feet  may  well  be  verified  hereafter  by  some  deeper  boring. 
It  is  in  southern  Iowa,  and  probably  in  southeastern  Iowa, 
that  the  Magnesian  series  attains  its  maximum  thickness  in 
the  state. 

The  Saint  Peter  retains  its  usual  facies  at  Centerville.  No 
samples  of  it  or  of  other  formations  are  at  hand  from  the  other 
wells  of  this  group.  The  Galena-Trenton  at  Centerville 
embraces  dolomitic  limestones  only.  The  Maquoketa  does 
not  seem  to  be  present  at  this  station,  and  the  only  line  of 
demarkation  between  Silurian  and  Ordovician  is  one  drawn 
tentatively,  according  to  the  presence  or  absence  of  aren- 
aceous admixture.  At  Ottumwa  the  absence  of  the  Maquo- 
keta is  probably  due  to  imperfection  of  record,  since  it  is 
present  at  Pella  and  at  Keokuk,  in  thickness  not  less  than 
that  of  its  outcrops  in  northeastern  Iowa. 

To  the  southern  border  of  the  state  the  Silurian  retains  the 
arenaceous  characteristics  discovered  at  Washington  by  Cal- 
vin. At  Ottumwa,  Keokuk,  Fort  Madison  and  C^.enterville, 
it  includes  calciferous  sandstones,  which  furnish  a  plentiful- 
yield  of  artesian  water. 

A  certain  Devonian  datum,  as  proven  by  its  fossils,  is 
afforded  in  the  limestones  at  Washingtcm  which  intervene 
between  the  arenaceous  Silurian  and  the  shale  called  Kinder- 
hook.  The  strata  occupying  this  place  in  Lee  county  do  not 
exceed  eighty-five  feet  in  thickness.  At  Centerville  we  have 
assigned  to  the  Devonian  200  feet.  As  the  upper  portion  of 
this  is  shaly,  it  may  be  equivalent  to  the  lower  strata  of  the 
Kinderhook  shales  as  reported  in  other  wells. 
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passing  in  places  into  purer  sandstone,  in  all  so  far  as  pene- 
trated 370  feet. 

At  Ottumwa  870  feet  of  limestone  and  shales  are  referable 
to  the  Oaeota,  and  in  one  record  the  New  Richmond  is  repre- 
sented by  122  feet  of  sandstone  lying  120  feet  below  the 
Saint  Peter.  At  Keokuk  there  are  reported  below  the  Saint 
Peter  755  feet  of  limestone  alternating  with  sandstone.  The 
conclusion  of  Gordon  that  the  maximum  thickness  of  this  for- 
mation within  the  limits  of  Iowa  can  not  be  less  than  1,(X)0 
feet  may  well  be  verified  hereafter  by  some  deeper  boring. 
It  is  in  southern  Iowa,  and  probably  in  southeastern  Iowa, 
that  the  Magnesian  series  attains  its  maximum  thickness  in 
the  state. 

The  Saint  Peter  retains  its  usual  facies  at  ("enterville.  No 
samples  of  it  or  of  other  formations  are  at  hand  from  the  other 
wells  of  this  group.  The  Galena-Trenton  at  Oenterville 
embraces  dolomitic  limestones  only.  Tlie  Maquoketa  does 
not  seem  to  be  present  at  this  station,  and  the  only  line  of 
demarkation  between  Silurian  and  Ordovician  is  one  draw^n 
tentativel)^  according  to  the  presence  or  absence  of  aren- 
aceous admixture.  At  Ottumwa  the  absence  of  the  Maquo- 
keta is  probably  due  to  imperfection  of  record,  since  it  is 
present  at  Pella  and  at  Keokuk,  in  thickness  not  less  than 
that  of  its  outcrops  in  northeastern  Iowa. 

To  the  southern  border  of  the  state  the  Silurian  retains  the 
arenaceous  characteristics  discovered  at  Washington  by  Cal- 
vin. At  Ottumwa,  Keokuk,  Fort  Madison  and  Centerville, 
it  includes  calciferous  sandstones,  which  furnish  a  plentiful* 
yield  of  artesian  water. 

A  certain  Devonian  datum,  as  proven  by  its  fossils,  is 
afforded  in  the  limestones  at  Washington  which  intervene 
between  the  arenaceous  Silurian  and  the  shale  called  Kinder- 
hook.  The  strata  occupying  this  place  in  Lee  county  do  not 
exceed  eighty-five  feet  in  thickness.  At  Centerville  we  have 
assigned  to  the  Devonian  2H0  feet.  As  the  upper  portion  of 
this  is  shaly,  it  may  be  equivalent  to  the  lower  strata  of  the 
Kinderhook  shales  as  reported  in  other  wells. 
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The  artesian  well  sections  on  the  line  of  the  Mississippian 
syncline,  named  by  Kej^es  the  Keokuk  sj^ncline,  are  not  suf- 
ficiently exact  to  show  how  deeply  the  strata  of  other  groups 
are  effected  by  the  deformation.  The  following  table  states 
the  elevations  A.  T.  of  the  two  most  plain  horizons. 

KEOKUK  KEOKTK         MONT-  FOKT 

PODLTBT  CO,     HUBINOUR.       HOSE.       MADISON. 

Summit  of  Kinderhook  shales  .251  272  30t5  344 

Base  of  Kinderhook  shaleB 45  72  11  94 

At  neither  Montrose  or  Fort  Madison  is  the  Maquoketa  on 
record,  although  the  wells  extend,  the  one  sixty,  the  other 
160  feet  below  the  level  of  the  top  of  the  shales  at  Keokuk.. 

Artesian  Condition^. 

The  artesian  conditions  of  this  district  are  included  in  the 
discussion  of  the  same  for  southeastern  Iowa,  on  page  3()o. 

LIV.      OTTUMWA. 

OWNIR.  MORELL  &  GO.  ARTESIAN  WELL  C^. 

Depth l,f:54ft.  2.047  ft. 

Elevation  of  curb 643  ft.  A.  T. 

Original  head  of  water  ..      700J  ft.  A.  T.  108*  ft.  alwve  curb. 

Present  head  of  water...      6J)2i  ft.  A.  T.  108*  ft.  al)ove  curb. 

Original  dischar^»'e  in  gal- 
lons per  minute .«.  1,000  over  700. 

Present  dischargfe . 

Depth   of    water-bearinj^ 

strata 1,085  ft.  1,015  feet. 

Date  of  completion .July,  1892  March,  18S9. 

Temperature    04°  Fahr.  70°  Fahr. 

Driller,  J    P.  Miller  &  Co. 

The  Morrell  «&  Co.  well  is  ten  inches  in  diameter  for  25  feet, 
9|  to  97  feet,  8  inches  to  540  feet,  6  inches  to  994  feet,  5  inches 
to  1,320  feet,  and  4  inches  to  1,554  feet.  It  is  cased  from 
surface  to  25i  feet,  from  437  to  540  feet,  from  842  to  994  feet, 
and  from  1,244  to  1,320  feet.  The  water  is  unsuitable  for  boil- 
ers, as  it  forms  scale  rapidly.  It  is  used  only  at  the  packing 
house  of  the  company. 

The  well  of  the  Artesian  Well  Co.  is  reported  as  an 
eight-inch  bore,  but  judging  from  the  discharge  compared 

86  a.  Rop 
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with  that  of  the  other  well,  it  is  probably  considerably  less 
than  eight  inches  at  the  depth  of  the  water-bearing  stratum. 
The  water  is  supplied  to  176  store  buildings  by  pipes,  and  is 
delivered  two  gallons  daily  (Sundays  excepted)  at  the  rate  of 
$1.50  per  month  to  any  part  of  the  city.  It  is  said  to  be  used 
by  over  2,000  persons.  It  supplies  a  swimming  pool  and  is 
used  for  sprinkling  the  streets.  The  following  testimonial, 
dated  September  1, 1893,  is  signed  by  fifteen  of  the  physicians 
of  the  town. 

' '  We  recommend  the  Ottumwa  artesian  water  as  absolutely 
pure,  and  coming  from  a  depth  of  2,047  feet,  free  from  all 
organic  matter.  The  exclusive  use  of  it  would  do  away  with 
typhoid  fever  entirely,  so  far  as  danger  from  drinking  water 
is  concerned,  and  greatly  reduce  the  amount  of  sickness  from 
other  diseases.  It  is  not  only  of  great  value  as  drinking 
water,  but  has  a  remarkably  beneficial  effect  on  cases  of  chronic 
rheumatism,  constipation,  and  many  forms  of  stomach  and  kid- . 
ney  troubles. ' ' 

Special  reports  from  several  physicians  of  the  town  state 
that  the  water  is  found  to  be  slightly  laxative  and  diuretic. 

ANALYSIS. 

As  examples  of  the  character  of  local  waters  from  the  Mis- 
sissippian  we  add  analyses  of  two  waters  belonging  to  the 
Mineral  Springs  Sanitarium  at  Ottumwa.  No.  2  is  from  a 
depth  of  3]  4  feet,  and  No.  3  from  a  depth  of  eighty-five  feet. 
Analysis  No.  1  is  of  the  water  of  Artesian  Well  Co. 

^<}BAINB    PBB    OikLLOM  -% 
COMPOUND.  PO   1.  NO  8.  NO.  8. 

Calcium  carbonate 13.20  22.266  7.844 

Magnesium  carbonate 3.27  30.802  6.294 

Iron  carbonate .«-«    2.940  .184 

Sodium  carbonate - 10.212 

Calcium  sulphate 38.230       

Magnesium  sulphate 6.10  

Sodium  sulphate 33.83  200.876  13.105 

Potassium  sulphate 2.231  Trace 

Sodium  chloride 11.48  51.805  2.700 

Silicia 7.299  1.443 

Alumina Trace.  Trace. 
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/-GRAINS  PBB  GALLON  ^ 
COMPOUND.  NO.  1.  NO.  2.  NO.  3. 

Organic  matter Trace.       Trace. 

Loss .662 

Total 68.  *356.477     *41.444 

No.  1.     Analyst,  Prof.  L.  W.  Andrews,  Iowa  City.     Date,  December  12,  1893. 
Authority,  circulars  of  company.      (There  seems  to  l)e  some  omission    in    the 
published  analysis,  as  the  total  of  the  compounds  named  is  67.88,  instead  of  68. 
No.  2.    Analyot,  D.  D.  Carter,  Omaha.     Authority,  circulars  of  company. 
No.  3      Analyst,  S.  R.  Macy.     Authority,  circulars  of  company. 

RECORD  OF  STRATA. 

The  following  is  a  copy  of  the  original  record  of  Mr.  J.  W. 
Gamer  of  the  Artesian  Well  Co. ,  with  geological  formations 
and  elevations  above  sea  level  added. 

THICKNESS      DEPTH  A.  T. 

18.  Loam,  Pleistocene  21  21  639t 

17.  Limestone,  Mississippian 21  42  608 

16.  Shale,  Mississippian 14  56  594 

15.  Sandstone,  Mississippian.  ... 30  86  564 

14.  Limestone,  Mississippian 60  146  504 

13.  Shale,  Mississippian  20  165  484 

12.  Sandstone,  Hinty,  Mississippian...    40  206  444 

11.  Sandstone,   Mississippian .    30  236  414 

10.  Limestone,  Mississippian.. 195  431  219 

9.  Shale,   Mississippian-Kinderhook.  160  591  59 

8.  Limestone  200  'i9l  -141 

7.  Limestone 180  971  -321 

6.  Limestone  mixed   with  sand,  De- 
vonian, Silurian  and  Ordovician    96  1,067  -417 
5.  Sandstone,  white,  Saint  Peter  ...  110  1,177  -527 

4.  Shale  and  limestone,  Oneota 200  1,377  -727 

3  Slate  Oneota 19  1,398  -746 

2.  Limestone    Oneota 320  1,715  -1066 

1.  Limestone,  water-bearing,  Oneota  332  2,047  -1,397 

The  above  differs  in  several  particulars  from  the  record 
furnished  Mr.  C.  H.  Gordon  by  one  of  the  residents  of  the 
town.  In  the  latter  record  Nos.  14  to  12  are  replaced  by  *  'lime- 
stone, 14  feet;  shale  and  limestone,  116  feet.''  No.  10  is 
divided  into  '  'limestone,  18C)  feet,  and  limestone,  15  feet. ' '  No. 
8  is  "limestone  mixed  with  sand.''  Below  No.  5  the  record  is 
as  follows. 

*  Alho  f  re«)  and  h  i1  f  combined  carbonic  acid  gas. 
t  Approximately. 
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Slate 20  1,158 

Limestone 100  1.258 

Sandstone 122  1,380 

Limestone 697  2,077 

LV.   PARMINGTON  AND  KEOSAUQUA. 

White*  reported  flowing  wells  at  these  two  localities  in  Van 
Buren  couaty.  The  Farmington  well  is  705  feet  in  depth, 
and  it  probably  taps  the  same  veins  that  supply  the  wells  at 
Keokuk  and  Fort  Madison. 

LVL      MOUNT   PLEASANT,  t 

Owner  . Iowa  Hospital  for  the  Insane. 

Depth 1 1.125  feet 

Head  of  water 30  feet  below  curb. 

Capacity  in  gallons  per  minute J65. 

Temperature 62*^  Pahr. 

Depth  at  w  hich  water  was  found 990  feet 

Date  of  beginnihg September  1,  1861. 

Date  of  completion Pebruary,  1862*. 

The  water  is  said  to  be  very  disagreeable,  and  so  corrosive 
that  it  can  not  be  used.  A  battery  of  boilers  and  all  the 
steam  radiators  in  the  hospital  were  destroyed  by  it  before 
the  well  was  abandoned.  The  author  of  the  following  anal- 
ysis is  not  stated. 

ANALYSIS. 

PARTfl  FEB 
MILUON. 

Lime i 332 

Magnesian 78 

Peroxide  of  iron — 32 

Sulphuric  acid 37 

Carbonic  acid 108 

Silica Trace. 

Strontia  --- — Trace. 

RECORD    OF  STRATA. 

THIGKHSSS.         DEPTH. 

Limestone 295  295 

Shales,  soft,  passing  into  hard 300  595 

Limerock 295  890 

Unknown lOO  990 

Sand  rock  penetrated 135  1,125 


*Ooology  of  Iowa,  vol.  IT,  pp.  831-332.    1870. 
tReported  by  Mr.  H.  A.  Gllman. 
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If  the  dip  of  the  Saint  Peter  is  uniform  from  Keokuk  to 
Washington,  that  sandstone  should  be  reached  at  Mount 
Pleasant  at  about  340  feet  below  tide,  or  1,069  feet  below  the 
grade  at  station  of  the  Chicago,  Burlington  &  Quincy  Rail- 
way. 

LVII        FORT   MADISON.* 

DI9.  DEPTH       DATE 

EI/V.  HEAD  Z «  OAL..  OF        OF  COM- 

OWNER         DEPTH.    A.  T      A.  T.     DIAM.    PER  M.  TEMP.     VEIN.     PLVTION.  DBILLBB. 

S.  &  J.  0.  A.tlee,  3 
well« 720       693       638(?)0iii.        ...  96<*      1889 

A..T.&HtF.Ry      704      5fi3t     578t     4in.        ...        W      1892       Tweedy  Bros. 

Orlumblan  Straw 
Paper  Oo 680       028       549       0  Id.        00)         92°  080t     1688       Q.  W.  Adams  &  Co. 

The  Atlee  wells  are  reported  to  head  85  feet  above  the  sur- 
face and  to  be  used  by  1,5(K)  people.  The  Atchison,  Topeka 
&  Santa  Fe  Railway  Co.'s  well  is  used  only  at  the  com- 
pany's hospital.  The  pressure  is  said  to  be  sufficient  to  carry 
the  water  to  the  third  floor  of  the  building.  The  well  is  cased 
to  a  depth  of  184  feet,  and  there  are  also  2(X)  feet  of  four-inch 
tubing  in  the  well  not  located.  The  water  of  all  the  wells  is 
highly  corrosive  to  iron;  it  blackens  brass  and  forms  scale. 
The  flow  seems  to  be  constant  so  far  as  reported.  The  Paper 
Co.  report  a  slight  decrease  in  hardness  in  the  water.  The 
following  analj'sis  of  the  water  of  the  Paper  Co.'s  well  was 
made  some  years  since  by  the  chemist  of  the  Atchison, 
Topeka  &  Santa  Fe  Railway  Co. 

GRAINS  PER 
COMPOUND  U.  8.  GALLON. 

Calcium  carbonate.-. 14.318 

Magnesium  bicarlwnate 7.817 

Calcium  sulphate 10.217 

Sodium  sulpliate    40  071 

Smlium  chloride 41.329 

Silica  .  0.39O 

Alumina  and  Iron  oxide .807 

Organic  matter .180 

Total  solids 115  129 

Chlorine  combined 24.940 

*  Kor  Informut.i  n  roKardlag  these  wells  we  are  indeb  ed  to  their  owners  a'^d  to  Mr.  Fraok 
Lev<»rott  of  the  rnit<>d  States  G^olorical  Surv'^y,  aud  to  Mr  J  B  Uoblnson.  The  record  of  tb*) 
w  11  of  the  Oolumbian  Straw-Paper  (^o.,  Is  taken  from  Keveh'  report  of  the  GeolOKy  of  Lee 
OouDty  (Iowa  Geological  Survey,  vol.,  Ill,  p.  i05),  but  the  author  is  responsible  for  the  assign- 
mez  t  of  the  formations. 

t  Approximately* 
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RECORD  OP  STRATA,  PAPER  CO/S  WELL. 

THICK-     DBPTH,    ▲.  T. 
STRATA.  NX88.        FBBT. 


5.  Black  loam,  quicksand  and  blue  clay, 
not  separated  in  the  record — doubt- 
less largely  the  last,  Pleistocene..  145  145  379 

4.     Limestone,  Augusta 36  180  344 

3.    Shale,  blue  and  white,  Kinderhodk..  250  430  94 

2.    Limestone,  Devonian  and  Silurian...  180  610  -86 

1.    Sandstone,  water-bearing,  Silurian..  77  687  -163 

LVIII.      MOUNT    CLARA,  NEAR  MONTROSE. 

Little  of  this  well  has  been  learned  further  than  the  follow- 
ing geological  section  of  which  all  except  the  elevations  A.  T. 
and  the  assignment  of  the  geological  formations  is  taken  from 
Keyes'*  report. 

STRATA. 

FORMATION.  THICKNESS.     DEPTH.  A.T. 

FENT.  FEET.  FEET. 

12.    Clay 260  210  429 

n.     Sand 56  306  374 

10.  Limestone,    white,    Augusta-Bur- 
lington       26  330  349 

9.  Shale,  white,  Augusta-Burlington      8  338  341 

8.  Limestone,  Augusta-Burlington...      5  343  336 

7.     Shale,  Kinderhook 326  668  11 

6.     Limestone,  Devonian 115  783  -104 

6.     Limestone.  Devonian  (?) 10  793  -114 

4.     Limestone,  flinty,  Silurian 25  818  -139 

3.     Limestone,  Silurian 40  868  -179 

2.     Limestone,  hard,  Silurian 5  863  -184 

1.  Samples  carried  away  by  water...    76  939  -260 

Mr.  Bain  informs  us  that  a  flow  was  encountered  at 
about  800  feet.  When  the  well  was  first  drilled  water  flowed 
200  gallons  per  minute,  but  at  the  present  time  the  head  is  ten 
feet  below  the  surface,  or  670  feet  A.  T. 

LIX.      KEOKUK. 

Information  is  furnished  by  the  proprietors  of  the  wells 
and  Mr.  F.  Z.  Goenisch.  The  elevation  of  the  Poultry  Co.  's 
well  is  from  special  survey  by  Mr.  G.  M.  Walker.  The 
record  of  same  is  by  Mr.  Geo.  Mw  Crofts  from  examinations 

*Iowa  Geol.  Sury.,  vol.  III,  p.  406. 
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of  the  drillings.     The  record  of  the  Hubinger  wells  are  taken 
from  Gordon's*  and  from  Keyes't  reports. 


OWNER. 


J.  C.  Hubinger  &  Co  ,  3  wells. 
J.  C  Hubinffer  &  Co  ,  1  well.. 

Keokuk  Pickle  Co.  . . 

Keokuk  Poultry  Lo 

Kertz  Brewery -.. 

City  Park 

Hubinger  Tile  works  _ . 


• 

a; 
Q 

Elevation  of 
curb  A.  T. 

Head  of 
water. 

Discharge  in 
gallons  per 
minute 

Diameter — 
inches 

Temperature 
—degrees 
Pahr 

2,000 

2,230 

71U 

700 

700 

1,800 

800 

637 
637 

"'641* 
600 
637 
620 

667  A.  T. 
667  A.  T. 
36* 
646  a.  T 

667  A."  T. 

l,70<i 
300 
260 
260 

12-10 
10 
6 
6 
3 
6 
6 

66 
66 
64 
60 
66 
6'J 
60 

B 
o 

Q 


1892 
1896 


•Above  curb. 

The  blanks  in  this  table  are  the  most  to  be  regretted,  as  the 
Keokuk  basin  is  one  of  the  most  interesting  in  the  state. 
The  water  springs  from  Silurian  sandstones  at  a  reported 
depth  in  the  Hubinger  wells  of  113  feet  below  sea  level.  The 
contributions  of  deeper  strata  are  not  on  record.  So  far  as 
known,  this  is  the  only  town  in  Iowa  in  which  the  artesian 
water  power  is  mechanically  utilized.  ''The  Hubinger  wells, '' 
says  Mr.  Gordon,  "are  located  on  the  bluff  overlooking  the 
Mississippi  and  the  water  is  received  in  an  artificial  lake. 
*  *  *  From  this  lake  the  water  is  then  carried  in  a 
chute  down  the  face  of  the  bluff  about  130  feet,  where  it  is 
utilized  in  running  two  dynamos  for  f uniishing  incandescent 
lighting  to  the  city."  At  the  date  of  Mr.  Gordon's  writing, 
1889,  only  two  of  the  Hubinger  wells  had  been  completed, 
and  these  supplied  about  1,300  gallons  per  minute.  When 
the  four  wells  were  in  operation,  they  at  first  discharged 
2,000  gallons  per  minute,  and  at  the  same  time  the  flow  of  the 
park  well  nearly  ceased.  The  Kertz  Brewing  Co.  well,  whose 
first  flow  was  "very  good,"  has  "hardly  any"  discharge  at 
present.  In  1894  the  Hubinger  wells  also  had  fallen  to  1,500 
and  in  1896  to  900  gallons  per  minute. 

Several  of  the  wells  were  drilled  by  Tweedy  Brothers,  of 
Keokuk. 

^American  Geolot^lst,  vol.  IV,  pp.  237-239. 
tlowa  Geol.  Surv.,  vol.  Ill,  pp.  333-321. 


ARTESIAN  WELLS  OF  IOWA. 


Bilic»(SiO,) 

Alumina  (Al,  0,J 

Ferric  oxide  (Fe,  0,1 

Lime  (Cad) 

Mti^QBsia  (Mg  O) 

Potaah  (K,  O) 

Soda(Nft,  O) 

Chlorine  (CI)  

Sulphur  trioxide  (SO,) 

Carbon  dioxide  (COf) 

Water  in  combinalioa  (H,  O) ... 
Free  (CO,)  

UNITSD  AS  FOLLOWS 
Calcium  bicarbonate  (Ca  H,  (  ~o 

Calcium  sulphate  [>  a  SO,)    

Magnesium  sulphate  ( \^g  SO,).. 

Sodium  sulphate  (Na.S  ■.) 

Sodium  chloride  (Na  CI) 

■    Potaasium  chloride  {K  01) 

Silica  (Si  U.) 

Alumina  (A1,0,}  and  oxide  of  Ir 
Oxygen  replaced  by  chlorine  .. 


.?0-2 


Trace 
65.400 
36.714 

74.729 
5  079 
1.044 
[7  896] 


0.33 


si 


1,710 
240.000 
143  576 

Trace. 

1,127  671 

633.000 

1,288  428 

87  572 

18  000 

[L36.148] 

161.000 

448  143 

428.867 

1,312.574 

1,044  714 


7.000 

7.710 

142.859 


108.054 
64  562 
2.660 


II 


57.572 

"i,m"i 

674.000 

1,324.113 

241.420 

46  143 


413.286 

273.000 

172.143 

1,863.000 

1,113.143 

46.857 

6  857 

857 

151.428 


Analyst,  Prof.  J.  B.  Weems.    Date  of  No.  1,  May  23,  1896;  No.  2,  July  10, 1896 

BBOORD  OF  STRATA. 

Well  of  Keokuk  Poultry  Co. 

The  following  record  is  made  by  Mr.  George  M.  Crofts  of 
Keokuk,  from  examination  of  drillings  and  driller's  record. 
The  summary  is  by  the  author. 

eifUIA.  THICK  N  CM  DEFTB 

28.    Drift,  promiscuous  material 5  5 

27.    LimeBtone,  magneeian  2  7 

26.    Dolomite  (magnesium  limestone),  in  which 

lime  carbonate  predomiDales ,...  5  12 

26.    Same,  with  chert  (flint) 5  17 

24.  Same,  in  which  magnesian  carbonate  pre- 

dominates, and  traces  of  Iron  IS  35 

23.    Limestone  Bllghtly  ail  iceoud 15  50 

25.  Limestone,  rather  highly  siliceous,  yields 
toaoeBoflroa.. 
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8TBATA. 


THIOKNliSS. 


DIPTH. 

98 

121 

135 

146 
165 

182 
187 
197 
203 
208 
225 


21.     Limestone,   light   colored,   rather    pure, 

slightly  siliceous  ..- 30 

20.    Limestone,  gray,  rather  highly  siliceous, 

yields  traces  of  iron 23 

19.    Limestone,    gray,    slightly    mixed    with 

shale — - 14 

18.     Dolomite  (magnesian  limestone),  with  a 

large  amount  of  chert  (flint)  .     11 

17.    Chert,  mostly,  and  fossil  limestone 19 

16.     Limestone,   with    white  gand     (siliceous 

limestone) - 17 

16.    Limestone,  with  chart,  slightly  siliceous  5 

14.     Shale,  almost  pure lU 

13.    ahale,  blue,  highly  siliceous 6 

12.    Shale,  as  No  \k 6 

1 1.     Limestone,  gray,  quite  pure 17 

10.  Dolomite  (magnesian  limestone),  in  which 
magnesia  ca  bonate  greatly  predom- 
inates.   46 

9.     Limestone,  light  colored,  almost  pure   ...  19 
8.     Shale,  blue,  would  weather  into  a  tena- 

ceous  clay 73 

7.     Shale,  bituminous. 39 

6     Shale,  gray,  would  weather  into  a  tena- 

ceous  clay 94 

5.     Limestoue,  light  gray  color,  almost  pure.  15 

4     Limestone,  light  colored,  almost  pure.- _  10 

3.     Limeston*:',  gray,  almost  pure  60 

2     Limestone,  siliceous 47 

1.    Sandstone,  gray,  calcareous,  yields  traces 

of  iron 73 

SDMMAKY. 

F«iB«ATlUN  THICKMkSS 

28.  Pleistocene  and  Recent 5 

19  27  Keokuk 130 

17-18  Montrose  cherts,  Mississippian    30 

15-16  Upper  Burlington, Mississippian    2i 

9-14.  Lower  Burlington, Mississippian  103 

6-8.  Kinderhook,    Mississippian 2'j6 

3  5.  Devonian 85 

1-2.  bilurian 12j 

HUBINGER  WELL. 

In  the  following  record  the  strata,  with  their  thickness  and 
depth,  are  as  given  by  Gordon.* 

^American  Gool ,  vol.  IV,  p  8% 


290 

363 
402 

496 
511 
521 
581 
62  i 

701 


DkPXH. 

A.  T, 

5 

536 

135 

4U6 

i65 

376 

]87 

351 

290 

251 

496 

45 

581 

-40 

701 

-160 
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The  assi^ment  of  formations  is  based  largely  upon  that  by 
Keyes.  * 

STRATA. 

THICKNESS     DEPTH  A.  T. 

FORMATION.  FEET  FEET.  FBST. 

20.    Bluff  [loess]  Pleistocene 25  25 

19.    Boulder  clay,  Pleistocene 3  28           609 

18.    Limestone,  Saint  Louis,  JKiississip- 

pian 5  33 

17      Sandstone,  Saint  Louis,  Mississip- 

plan 5  38           599 

16.    Limestone,  Augusta,  Mississippian  12  50 

15.     Shale,  Augusta,  Mississippian 58  108 

14.     Limestone,  Augusta,  Mississippian  62  170 
13.    Shale,  Augusta,  Mississippian  ...  10  180 
12.    Limestone,  Augusta,  Mississippian  110  290           347 
11.    Shale,  calcareous,  Augusta(?),  Mis- 
sissippian   - 65  355 

10.     Limestone,  Augusta,  Mississippian  10  365           272 

9.     Shale,  Kinderhook.  Mississippian.  195  560             77 

8.    Limestone  (?)  Devonian 65  625             12 

7.     Sandstone,   Silurian 20  645 

6.     Limestone,  sandy,  Silurian. 55  700 

5.     Sandstone,  Silurian .37  737          -100 

4.     Shale,   Maquoketa 63  800         -163 

3.    Limestone,  sandy  below,  Trenton.  140  940         -303 

2.     Sandstone,  Saint  Peter 110  1,050          -413 

1.     Limestone  alternating  with  eand- 

stone,  Oneota  and  Saint  Croix..  755  1,805       -1,168 

LX.      CENTERVILLE.  t 

Two  deep  borings  have  been  sunk  by  the  incorporated  town 
of  Centerville.  The  first,  No.  1  of  the  following  table,  was 
drilled  some  years  ago  in  the  public  square;  the  second.  No. 
2,  was  begun  by  J.  P.  Miller  &  Co.,  in  May,  1895,  and  was 
finished  by  them  in  October  of  the  same  year,  a  short  time 
considering  the  difficulties  of  the  strata  of  the  region. 

*lowaGeol.  Sarv.,  vol.  III.  p.  323. 

"(For  an  unusually  large  set  of  sample  drillings  from  the  first  well,  and  also  for  the  Infor- 
mati'^n  regarding  it,  we  are  Indebted  t^  Ck)l.  E.  O.  Haynes.  The  second  well  is  reported  by 
Mr.  H.  F.  Bain  auU  by  Mtssrs.  Olark  and  Peatman. 


CENTbRVILLE  WELL  SECTION. 


ANALYSIS  OF  THE  CKNTERVILLE  WATKR. 


»..„.». 

1 

S  3 

1.0  9 
1,017 

1 
1^ 

t    t 
si   =t 

200       1,200 
350       ].4:{!) 

1 

1. 

2 

2,485 
1,540 

T.O 

;!.4S0 
],5M 

The  easing  in  No.  1  is  as  follows:  12-iiieh  to  55  feet:  10- 
inch  to  !tn  feet:  9-int'h  to  155  feet:  8-inch  to  ;^^5  feet;  7-inch 
to  492  feet:  fi-ineh  to  (>l(i  feet:  5-inch  to  8()4  feet.  The  bore 
continues  5  inches  to  2,335  feei.  and  4  inches  the  remainder 
of  the  distance  to  the  bottom.  The  water  is  a  mineral  water, 
but  not  unpleasant  to  the  taste.  Bored  long  before  water  works 
were  installed,  the  well  never  was  used;  and  when  a  complete 
system  of  works  was  begun  in  18it5,  It  was  found  best  to  sink 
a  new  well  at  a  more  convenient  location. 

Well  Xo.  2  is  cased  to  8()0  feet  with  tubing  varying  from  14 
inches  to  7  inches  and  90  feet  of  easing  is  inserted  between 
1,1(K>  and  1.20(t  feet.  The  water  seems  to  be  satisfactory  to 
the  town;  it  is  said  to  be  largely  used  and  well  liked.  As  a 
steam  water  it  is  excellent,  causing  neither  corrosion  nor 
scale. 

The  following  analyses  will  indicate  the  physiological 
effects  that  may  be  exj>ected  from  its  use. 


Silica  (Si  (),). 590 

Aluminul  Al,  O,)  imd  Foi-ric  oxiile(Fe,  OJ         .174 

Lime  (Ca  O) 21.319 

Magnesia  (.M(r  O) P.660 

Fotaflh  (K,  O) Trace. 

Soda  (Nu,  O) 58.094 

Chlorine  (CI) Z2..'537 

t-ulphiir  ti-Ioxide  (3  O,) B4.7T2 

Curboa  dioxide  (C  OiJ a.KB 

Water  in  combination  (H,  O) 17.090 

Free  (00,) [8.576] 


3.000 
367,671 
149.143 
Trace. 

1,017,143 
3SS.571 

1,634.000 

66.429 

305.000 

[147.857] 
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UNITED  AS  FOLLOWS. 

GRAINS  PXR  PARTS  PBR 

U.  8  GALLON.  MILLION. 

Calcium  bicarbonate  (Ca  H,  (COa),) 7.067  121.857 

Calcium  sulphate  (Ca  SO  J. 46.870  790.857 

Magnesium  sulphate  (Mg  SOJ 25.818  445.143 

Sodium  sulphate  (Na,  SoJ 89.859  1,549.286 

Potassium  chloride  (K  01)  Trace.  Trace 

Sodium  chloride  (Na  CI) 37.195  64L286 

Silica  (Si  O,) 596  10.285 

Alumina  (Alj  O,)  and  Ferric  oxide 174  3.000 

Combined  water  (H,  O) 16.895  291.286 

Oxygen  replaced  by  chlorine 5.112  88.143 

Solids 228  585      3,941.143 

Analyst,  Prof.  J.  B.  Weems.     Date,  April  10,  1896. 

This  water  is  very  similar  to  the  heavily  mineralized  waters 
at  Keokuk,  drawn  also  from  the  beds  of  the  Silurian.  In  the 
first  well  it  does  not  seem  to  have  been  shut  off,  and  the  fol- 
lowing analysis  probably  shows  the  chemical  constitution  of 
a  mixture  of  the  Silurian  with  purer  and  deeper  waters.  The 
well  had  been  closed  for  years  when  the  analysis  was  made. 

ANALYSIS,  WELL  NO.  1. 

GRAINS  P IB  PABT8  PSB 

OOMPOUND.  U   8   GALLON.  MILLION. 

Calcium  carbonate    10.4657  179.3 

Calcium  sulphate 3.3621  57.6 

Sodium  sulphate 41.6878  714.2 

Sodium  chloride     13.2150  226.4 

Magnesium  chloride 3.3970  58.2 

Silica 4.7338  81.1 

Volatile  matter 5.4167  92.8 

Ammonia    — Trace. 

Nitrites Fainttraces. 

Totals 78.8811  1409.6 

Analyst,  J  E.  Siebel,  Chicago.    Date,  March  30,  1995 

WELLS  OF  SOUTHWESTERN  IOWA. 

Geological  Notes. 

The  country  rock  of  southwestern  Iowa  consists  of  the  Coal 
Measures,  except  only  where  these  are  overlain  by  patches  of 
the  Cretaceous.  Their  thickness  is  a  matter  of  practical  inter- 
est.    It  concerns  the  miner  of  coal,  the  prospector  for  gas  and 


GKOLOGICAL   NOTES.  329 

oil,  and  the  driller  in  search  of  artesian  waters.  It  may  be 
estimated  by  several  methods.  Assuming  a  uniform  dip  of  the 
strata  and  knowing  the  width  of  outcrop  along  the  line  of 
this  dip,  a  short  trigomebrical  calculation  gives  the  thickness 
of  the  series.  The  further  assumption  is  involved,  however, 
which  may  or  may  not  be  true,  that  the  assumed  or  ascer- 
tained dip  of  the  strata  corresponds  to  the  inclination  of  the 
floor  on  which  the  series  rests. 

Again,  the  thickness  may  be  measured  of  each  of  the  suc- 
cessive beds  outcropping  along  the  line  of  the  dip,  and  thus 
their  aggregate  thickness  maybe  obtained  by  addition.  This 
method  is  especially  unreliable,  if  not  wholly  impracticable, 
where,  as  in  southwestern  Iowa,  the  country  is  heavily  mantled 
with  drift,  and  in  case  of  a  series  like  the  Coal  Measures 
where  strata  are  affected  with  rapid  lithological  changes.  It 
is  largely  by  these  methods  that  the  following  estimates  have 
been  made  of  the  thickness  of  the  Coal  Measures  in  south- 
western Iowa  and  adjoining  counties  of  Missouri. 

1858. HaU Iowa 1,000 

1872 White Iowa 600 

1891 Winslow Missouri 1,900 

1894     Broadhead  ...---.  Missouri 2,000 

1893 Keyes Iowa 1,600 

1894 Keyes Missouri 1,600 

1894 Lonsdale Iowa 2,0OJ 

In  a  recent  paper  on  the  thickness  of  the  Paleozoic  rocks  of 
the  Mississippi  basin,  from  which  the  above  table  in  part  is 
taken,  Keyes  seems  to  return  toward  the  earlier  and  lower  esti- 
mate, and  states  that  the  maximum  thickness  of  the  Coal  Meas- 
ures in  the  central  part  of  the  basin  is  considerably  less  than 
his  previous  estimates  as  given  in  the  table.* 

The  third  method  of  obtaining  the  thickness  of  any  forma- 
tion is  the  practical  test  of  the  drill.  This  is  especially 
reliable  when  the  formation  has  distinct  lithological  charac- 
teristics and  limits,  and  when  the  boring  is  made  by  a  diamond 
drill,  or,  if  made  by  a  plunge  drill,  where  the  drillings  are 
taken  at  close  intervals. 


*  American  Geologist,  vol.  XVI 1.  pp.  ]H0-17;i.    1896. 
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It  need  not  be  said  that  the  Coal  Measures  are  readily  recog- 
nized by  their  lithological  characteristics,  by  the  predomi- 
nance of  shales,  by  the  rapid  alternation  of  limestones  and 
shales  and  sandstones,  and  by  the  presence  of  carbon  in  coal 
and  carbonaceous  shales.  And  not  only  in  Iowa,  but  from 
Kansas  to  Indiana  and  to  Tennessee,  the  rocks  forming  the 
floor  of  the  Coal  Measures,  the  Mississippian  series,  include 
heavy  beds  of  chert  and  cherty  limestone  and  shales.  In  the 
interpretation  of  the  records  of  deep  wells  the  passage  from 
the  Coal  Measures  to  the  Mississippian  is  therefore  one  of  the 
most  readily  recognizable  of  geological  horizons.  Fortunately 
we  have  the  data  of  four  wells  which  pass  through  the  Coal 
Measures  in  or  near  the  district  in  question,  the  drillings  from 
three  of  which  form  in  each  case  a  practically  continuous 
section.  At  Atlantic  the  shales,  limestones,  and  sandstones 
of  the  Coal  Measures  extend  to  300  feet  A.  T.,  a  thickness  of 
725  feet.  At  this  depth  there  succeed  420  feet  of  chert  and 
highly  cherty  limestones  and  shales.  Chalcedonic  silica  is 
often  present  in  the  drillings  from  this  immense  bodj^  of  rock, 
and  in  several  instances  constitutes  the  bulk  of  the  sample. 
Below  these  rocks,  evidentlj^  Mississippian,  at  120  feet  below 
tide,  the  drill  passed  into  forty  feet  of  shale  and  limestone 
which  may  belong  to  the  Devonian. 

Under  this  interpretation  the  Mississippian  floor  is  practi- 
cally at  the  same  level  at  Atlantic  as  at  Des  Moines. 

At  Omaha  the  lowest  shale  reported  in  the  well  of  the  Wil- 
k)w  Springs  distillery*^  that  could  be  assigned  to  the  Coal 
Measures  ends  at  1,030  feet  below  the  surface,  or  about  at  sea 
level.  At  1,055  feet  below  the  curb  there  begins  a  series  of 
Magnesian  limestones  and  dolomites  which  continues  to  1,780 
feet,  interrupted,  so  far  as  our  data  shows,  only  by  a  thin 
shale  at  1,250  feet  and  a  white  sandstone  at  1,430  feet.  The 
Coal  Measures  here  can  scarcely  exceed  1,000  feet  in  thick- 
ness. The  third  well  record  in  evidence  is  that  sunk  at 
Lincoln,    Neb.,   bj^  the    state,   between   1885   and  1888.     In 

*  Drilling  from  this  well  were  klnd'y  pr«>sented  to  the  Survey  by  the  proprietors. 
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this  boring  the  diamond  drill  was  employed.  Every  foot 
of  the  section  is  represented  by  a  solid  core  of  rock.  The 
report  of  the  well  is  made  by  an  official  geologist.  As  the 
record  is  so  exceptionally  reliable,  and  as  it  so  directly  con- 
cerns the  interpretation  of  the  well  records  of  southwestern 
Iowa,  we  may  here  introduce  a  summarj^  of  the  determina- 
tions of  Mr.  B.  P.  Russell,  the  geologist  in  charge  of  the 
boring.* 

THICKNESS.     IiEPTH. 

12.     Sandstone,  Dakota 240  240 

11.     Limestone,  sandstone  and  shales,  Carbon- 
iferous    .   840  1,030 

10.     Magnesian  limestone,  age  undetermined.  138  1,218 

9.     Sandstone,  gray,  age  undetermined 15  1,233 

8.     Magnesian  limestone,  age  undetermined.  194  1,427 

7.     Shale,  red,  age  undetermined 13  1,440 

6.     Magnesian  limestone,  age  undetermined.  373  1,813 

5.     Limestone,  Trenton 134  1,947 

4.     Sandstone,  Saint  Peter  61  2,008 

3.     Limestone,  Magnesian,  Lower  Magnesian  113  2,121 

2.     Sandstone,  red,  Potsdam 72  2,193 

1.  Quartzite,  varying  to  a  much  metamor- 
phosed shale,  traversed  in  places  by 
quartz  veins  at  angles  from  75°  to  85°, 

from  tiesh  tint  to  dark  red,  Algonkian..  270  2,463 

Here  less  than  fifty  miles  west  of  the  supposed  center  of 
the  Carboniferous  basin  placed  at  the  intersection  of  the 
Missouri  river  by  the  southern  boundary  of  Iowa,  the  entire 
Carboniferous  is  included,  within  840  feet.  Interpreted  in  the 
light  of  the  Lincoln  section,  the  samples  of  dolomitic  limestone 
in  the  Omaha  well  saved  at  intervals  from  1,055  to  1,782  feet 
may  be  taken  to  belong  to  a  series  of  such  limestones  extending 
between  these  limits  with  but  few  and  slight  interruptions. 

The  Glenwood  section  is  less  satisfactory  than  that  at 
Lincoln  only  in  that  the  boring  was  made  by  a  plunge  drill 
and  inasmuch  as  it  fails  to  reach  an  Algonkiau  fenninus  ad 
quetn.  Two  hundred  and  ten  samples,  carefully  preserved  by 
a  trained  civil  engineer,  leave  little  room  for  doubt  as  to  the 

*Slxth  Biennial  Report  of  Commissioner  of  Pablic  Lands  aad  Buildings,  pp.  59-8i.  Lin- 
coln, Nub.,  1888. 

27  G.  Bep. 
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exact  nature  of  the  strata  penetrated.  The  record  of  the  well 
was  first  published  by  Mr.  R.  E.  Call,  who  referred  the  entire 
section,  2,000  feet  deep,  to  the  Carboniferous,  placing  the 
base  of  the  Upper  Coal  Measures,  or  Missourian  stage,  at  317 
feet  from  the  surface.*  Not  having  examined  the  drillings 
he  evidently  was  misled  by  the  original  record,  which,  as  we 
shall  see,  often  fails  to  describe  the  real  nature  of  the  samples. 
The  section  has  been  recently  reviewed  by  Mr.  E.  H.  Lons- 
dale, t  He  not  only  follows  Call  in  considering  the  whole 
section  Carboniferous,  but  even  takes  it  all  to  belong  to  the 
Coal  Measures.  At  2,001  feet  he  considers  that  the  lower 
Carboniferous,  or  Mississippian,  was  nearly  reached.  The  base 
of  the  Missourian  is  drawn  at  1,400  feet.  The  record  of  the 
strata  published  on  pages  342-7  shows  that  the  determinations 
of  both  Call  and  Lonsdale  are  without  foundation  in  fact.  The 
first  notable  change  which  can  be  taken  as  the  base  of  the 
Missourian  occurs  at  845  feet,  where  the  succession  of  alter- 
nating limestones,  calcareous  shales  and  sandstones  gives 
place  to  one  of  sandstones  and  argillaceous  shales,  the  latter 
predominating. 

Nearly  400  feet  lower  a  still  more  marked  change  occurs 
and  here  must  be  the  base  of  the  Coal  Measures.  From  this 
horizon  at  1,235  feet  cherts  and  cherty  shales  and  limestones, 
in  places  chalcedonic,  extend  to  1,465  feet,  interrupted  only 
by  twenty-five  feet  of  sandstone  at  1,210,  and  twenty  feet  of 
argillaceous  sandstone  at  1,280  feet.  It  seems  highly  improb- 
able that  these  cherts  can  belong  to  the  Coal  Measures.  If 
this  is  the  case  it  is  a  singular  fact  that  beds  of  such  thick- 
ness and  obduracy  should  fail  of  outcrop  in  the  Coal  Measure 
areas.  Limestones  with  more  or  less  chert,  occur  indeed,  in 
the  Missourian  stage,  as  for  example  in  Montgomery  county, 
whose  western  line  is  less  than  twenty  miles  east  of  Glen- 
wood.  But  it  will  not  be  seriously  held  that  the  superficial 
cherty  limestones  of  this  county  are  the  equivalent  of  the 

*Proc.  Iowa  Acad.  Sci.,  vol.  I,  pt.  II,  pp.  00-63.    Des  Moines.  1892. 
tProc.  Iowa  Acad.  Sci.  vol.  II,  pp.  196-199.    Des  Moines,  1895 
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cherts  of  Glen  wood  and  Atlantic  lying  1,200  feet  deeper.  The 
former,  as  shown  by  deep  prospect  holes  in  the  county  are 
part  of  a  series  of  thinly  bedded  alternating  limestones  and 
shales  similar  to  the  Missourian  stage  in  the  Glenwood  section. 
The  latter  are  underlain  by  magnesian  limestones  which  are 
certainly  pre-Carboniferous. 

If  the  latter  are  included  in  the  Coal  Measures,  no  good 
reasons  can  be  given  for  excluding  similar  beds  of  chert  in 
several  well  sections  of  Iowa  and  the  cherts  which  have  been 
taken  by  the  University  Survey  of  Kansas  to  form  the  Mis- 
sissippian  floor  in  that  state.  The  natural  interpretation  of 
the  Glenwood  section  limits  the  thickness  of  the  Coal  Meas- 
ures to  1,060  feet,  the  maximum  measured  thickness  of  the 
series  in  Iowa. 

The  lower  limit  of  the  Mississippian  at  Glenwood  cannot  be 
drawn  with  precision.  Certainly  it  must  be  placed  as  low  as 
the  base  of  the  cherts  at  1,465,  giving  a  thickness  to  this  for- 
mation of  230  feet.  Whether  the  forty-five  feet  of  limestone 
and  the  134  feet  of  shale  that  underlie  the  cherty  beds  are  in 
whole  or  in  part  Devonian  cannot  be  determined.  At  1,668 
feet  from  the  surface  there  begins  a  series  of  limestones, 
almost  wholly  magnesian  and  dolomitic,  which  extend  with 
little  interruption  to  2,000  feet.  The  drillings  from  these 
beds,  as  is  usual  in  the  case  of  dolomites,  are  taken  out  in  the 
form  of  hard,  sparkling,  crystalline  angular  sand,  and  it  is 
doubtless  for  this  reason  that  they  have  been  listed  as  fine 
sandstones  in  the  previous  reports  of  the  well  and,  as  sand- 
stones, are  included  in  the  Coal  Measures.  The  microscope 
and  the  test  tube  demonstrate  at  once  that  they  are  as  purely 
calcareo-magnesian  as  are  the  outcrops  of  the  Niagara  or 
Galena  in  northeastern  Iowa.  To  what  age  do  they,  then, 
belong?  The  presence  of  the  Algonkian  at  Lincoln,  Neb., 
fifty  miles  west,  at  a  level  about  200  feet  below  the  base  of 
the  Glenwood  well  would  indicate  that  the  latter  may  have 
penetrated  the  Magnesian  series.  That  series,  however,  is 
commonly  arenaceous    and    these  dolomites  are  not.     The 
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gypsum  that  they  carry  from  1,930  to  2,000  feet  points  strongly 
to  the  Silurian,  which  is  noticeably  gypseous  at  Pella,  Oska- 
loosa  and  Des  Moines.  The  shale  in  which  the  boring  stopped 
may  therefore  be  Maquoketa.  At  Omaha  the  greater  thick- 
ness of  the  Magnesian  limestones  indicates  that  the  drill  may 
there  have  reached  lower  geological  horizons  than  at  Glen- 
wood;  on  the  other  hand  the  lower  waters  of  both  wells  were 
struck  at  about  the  same  levels. 

At  Atlantic  the  Mississippian  cherts  end  at  1,270  feet  below 
the  surface,  with  a  thickness  of  420  feet,  and  are  underlain  by 
a  thin  shale  and  limestone,  which  may  be  Devonian. 

Artesian  Co)ulitions  of  Southwesteni  loiva. 

Artesian  water  in  this  section  may  be  found  in  the  Coal 
Measures,  at  their  base,  and  in  the  heavy  Magnesian  lime- 
stones which  underlie  the  Carboniferous.  Along  the  imme- 
adiate  valley  of  the  Missouri  experience  fully  warrants  the 
sinking  of  wells.  The  water  of  the  Coal  Measures  of  the 
Missourian  stage  will  be  small  in  quantity  and  may  be  salt  with 
the  fossil  brines  of  the  ancient  ocean  in  which  these  sediments 
were  laid.  The  yield  of  the  Magnesian  limestones  will  ,be 
much  more  ample,  and  should  be  reached  within  at  least  900 
feet  below  tide,  unless  it  be  in  Fremont  county,  where  the 
drill  may  have  to  go  deeper. 

The  possibility  that  additional  water  will  be  found  in  the 
Ordovician  and  Cambrian  is  sufficient  to  warrant  the  experi- 
ment of  continuing  borings  to  2,500  or  3,000  feet  from  the 
surface,  although  before  the  latter  depth  is  reached  the  Algon- 
kian  will  probably  be  met,  beyond  which  point  no  exploitation 
should  proceed. 

As  to  the  quality  of  the  water  too  much  should  not  be 
expected.  After  casing  out  the  brines  of  the  Coal  Measures, 
the  water  will  still  be  found  heavily  impregnated  with  min- 
eral matters,  but  probably  not  beyond  the  limits  of  potable 
water.  The  analyses  of  the  wells  at  Glenwood  and  Council 
Bluffs  indicate  the  nature  of  the  artesian  waters  of  the 
district. 
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Outside  of  the  Missouri  valley  the  sinking  of  deep  wells 
can  not  be  encouraged.  Nor,  on  the  other  hand,  can  it  be 
asserted  that  they  will  be  failures.  Under  the  former  theory 
that  the  thickness  of  the  Coal  Measures  in  this  region  was 
read  in  thousands  of  feet,  every  attempt  to  discover  artesian 
water  was  naturally  condemned.  The  view  here  presented 
of  their  thickness  offers  more  hope.  At  the  same  time,  no 
boring  should  be  begun  without  the  expectation  of  prosecut- 
ing the  work  to  at  least  1,000  feet  below  tide,  if  artesian 
water  is  not  found  before.  Any  well^  like  the  borings  at 
Clarinda  and  Atlantic,  the  fii'st  of  which  does  not  penetrate 
the  Coal  Measures,  and  the  second  of  which  scarcely  goes 
beyond  the  Carboniferous  will,  in  all  probability,  also  be 
fruitless.  At  Osceola,  however,  no  artesian  water  was  dis- 
covered in  quantity,  so  far  as  we  are  informed,  although  the 
well  was  drilled  to  nearly  2,000  feet  from  the  surface,  to  821 
feet  below  tide.  Here  the  Silurian  was  probably  passed 
through,  but  not  the  Ordovician;  and  we  can  not  assert 
that  success  would  not  have  crowned  the  carrying  on  of  the 
work  700  or  800  feet  further. 

A  complete  geological  section  of  this  important  well  would 
have  afforded  data  for  a  reliable  prognosis  of  artesian  condi- 
tions for  all  this  region,  and  it  is  a  distinct  loss  to  the  state 
that  the  record  and  samples  of  the  drillings  were  not  kept. 
With  the  scanty  facts  at  hand  we  maj^  infer  that  the  Ordovic- 
ian and  Cambrian  continue  to  sink  southward  from  Des 
Moines  and  westward  from  Centerville.  The  well  section  at 
Lincoln,  Neb.,  if  rightly  read  by  Russell,  shows  that  the 
strata  again  rise  to  the  west  of  the  Missouri  river.  If  the 
gradient  is  alike  on  both  sides,  the  center  of  the  trough  lies 
near  the  Nodaway.  Taking  the  base  of  the  Silurian,  instead 
of  the  Saint  Peter,  in  the  surrounding  wells  as  data,  the  cen- 
ter will  be  shifted  to  the  Tarkio  or  Nishnabotna.  We  may, 
therefore,  expect  that  the  base  of  the  Silurian,  above  which 
lie  the  artesian  waters  of  Glen  wood  and  perhaps  Omaha, 
should  be  reached  along  the  Chicago,  Burlington  &  Quincy 
railway,  at  1,000  feet  below  tide  at  the  farthest. 
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The  formations  below  the  Silurian,  as  shown  by  the  Lincoln 
section,  thin  toward  the  west.  Their  thickness  in  southwest- 
ern Iowa,  and  whether  they  carry  artesian  water  suitable  for 
town  supply,  are  matters  of  conjecture.  A  3,000-foot  bor- 
ing might  be  successful  in  reaching  artesian  water,  and  if 
carefully  observed  would  certainly  help  to  solve  the  strati- 
graphic  and  hydrographic  problems  of  the  region. 

Another  factor  to  be  taken  into  account  is  the  elevation 
above  sea  level.  The  high  altitude  of  towns  on  the  divide 
not  only  increases  the  necessary  expense  of  reaching  the 
deeper  artesian  horizons,  but  renders  it  questionable  whether 
the  water  will  rise  within  profitable  pumping  distance.  The 
head  at  Glenwood  is  1,006  A.  T.,  and  at  Council  Bluffs  1,090 
A.  T.  The  pressure  of  ground  water  may  increase  this  on 
the  higher  ground  to  the  east,  but  1,100  or  1,200  feet  A.  T. 
would  seem  to  be  the  most  that  can  be  reasonably  expected  at 
the  best. 

LXI.      ATLANTIC.  * 

Prospect  boring  of  Atlantic  Coal  &  Mining  Co.  Elevation 
of  well  water  1,150  A.  T. 

THICKNESS,  DXPTH, 

FEET.  FEliT. 

72.       Pleistocene?  (no  sample) 125?  125  ? 

7L     "Shale,  blue^' 35  160 

70.     "Shale,  gravelly" 35  195 

69.     "Shale,  red  and  blue,  gravelly" 6  200 

68.     "Limestone,  gray,  sandy' 15  216 

67.     "Shale,  red  and  blue,  with  soapstone' * 5  220 

66.     "Shale,  gravelly" 5  225 

65.  Shale,  purple,  dark  drab  and  green,  fine, 
unctuous;  with  pebbles  (five  noted  of 
limestone,  one  of  vitreous  sandstone, 

one  of  coal) 35  260 

64.     "Shale,  gravelly" 50  310 

63.     "Clay,  mottled,  red  and  blue" 30  340 

62.     "Shale,  blue" 15  355 

61.     "Shale,  red  and  blue,  with  gravel" 5  360 

60.     "Shale,  blue,  with  slate" 6  366 

59.     "Sandstone  and  shale" 50  415 

*  Samples  of  the  drillings  of  this  well  were  placed  at  the  disposal  of  the  Survey  by  the 
generosity  of  Mr.  Seth  Dean  of  Glenwood. 
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THICKNB88.        DKPTH. 

58.     *^Slate,  black;  soapetone  blue  and  green*'  5  420 
57.       Shale,  varicolored,  green  and  reddish, 

fissile,  practically  non-calcareou9 10  430 

56.     "Sandstone"    5  435 

55.     "Shale'- 15  450 

54.     "Shale  and  limestone*' 15  465 

53.     "Shale,  as  No.  57" 

52.     "Clay  and soapstone"..- 15  480 

51.     "Sandstone" 25  505 

50.     "Shale,  blue" 12  517 

49.       Shale,  dark  gray,  very  finely  laminated, 

somewhat  calcareous 23  540 

48.     "Sandstone,  or  sandy  limestone" 10  550 

47.       Shale,  dark  gray -  15  565 

46.       Shale,  dark  brown-gray,  non-calcareous, 

arenaceous,  pyritiferous 20  585 

45.       Sandstone,  brown,  highly  ferruginous..  5  590 

44.     ^Sandstone" .10  600 

43.     "Shale,  sandy" 30  630 

42.     "Sandstone,  very  tine'' 30  660 

41.     "Shale  and  slate" 15  675 

40.  Shale,  iron  gray,  finely  laminated,  non- 
calcareous 10  685 

39      "Sandstone,  white,  very  fine" 10  6S5 

*38.       Clay,  blue,  with  gravel. 15  710 

♦37.       Shale,  sandy 15  725 

*36.       Sandstone 5  730 

35.       Shale,  finely  arenaceous,  ochreous,  some 

black  10  740 

34.       Shale,  black.  Carboniferous 10  750 

*33.       Shale,  blue  and  slate 10  760 

*32.       Shale,  yellow,  gravelly 40  800 

31.  Sandstone,  gray,  of  finest  grain,  with 
much  black  shale,  samples  at  800  and 

1,815 25  825 

*30.       Limestone,   sandy 5  830 

*29.       Sandstone,  brown 5  835 

*28.       Sandstone,  gray 15  850 

27.  Limestone,  white,  non-magnesian,  with 
much  white  chert,  which  constitutes 

the  bulk  of  the  sample 35  885 

26.  Limestone,  blue-gray,  argillaceous, 
quartzose  residue;  with  large  frag- 
ments of  dark  shale,   probably  from 

above  75  960 


*  Determinations  in  quotations  Are  supplied  by  Mr.  Beth  Dean;  those  marked  with  a      i  t 
are  from  the  MS.  record  of  Mr.  E.  H.  Lonsdale. 
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THICKNB88.         DEPTH. 

26.  Limestone,  yellow-gray,  sample  com- 
posed chiefly  of  dark  brown,  flint  with 
some  chalcedonic  silica;  a  very  little 
quartz  sand  is  present -- . 5  965 

24.  Flint,  brown-gray,  calcareous,  with  some 
chalcedonic  silica;  sample  contains 
much  shale  in  fragments 10  975 

23.       Flint,  gray  and  black,  chalcedony,  drusy 

quartz,  some  shale..  ^. 5  980 

22.  Flint,  brown,  calcareous,  some  chalce- 
dony, a  little  shale 5  985 

21.  Flint  and  chalcedony,  live  samples,  drill- 
ings largely  milk  white,  translucent 
chalcedony,  with  brown  calcareous 
flint  and  some  limestone .-    45  1,030 

20.       Limestone,    nearly  white,    with    much 

white  chert,  two  samples .--.     15  1,045 

19.  Chalcedony  and  flint.  Mass  of  drillings 
so  far  as  now  remains  after  original 
washing  is  made  up  of  chalcedonic  sil- 
ica and  blue-gray  and  yellow  siliceous 
fragments  which  effervesce  in  cold 
dilute  H.  CI.,  but  do  not  disaggregate; 
particles  of  pure  limestone  practi(jally 
absent 30  1,075 

18.  Shale  and  flint:  shale,  blue-gray,  some- 
what calcareous - 5  1,080 

17.  Limestone,  soft,  light  yellow  gray,  with 
silica  as  above,  and  some  fragments  of 
shale,  4  samples 40  1,120 

16.       Limestone,  brown  with  much  white  chert      5  1,125 

15.  Limestone,  lighter  colored,  drillings 
chiefly  chert:  only  flnest  sand  is  lime- 
stone and  even  this  id  siliceous 5  1,130 

14.  Limestone,  light  yellow,  nearly  pure, 
considerable  shale  present  in  small 
fragments     5  1,135 

13.  Limestone,  as  above,  with  much  chalce- 
dony and  chert. - - 5  1,140 

12.  Limestone,  white,  chalky,  and  light  yel- 
low        5  1,145 

11.  Chert,  drillings  consist  of  chert  and 
chalcedony:  at  1,145  a  few  rounded 
grains  of  crystiiUine  quartz  and  par- 
ticles of  a  flne-grained  sandstone  are 
present.  Four  samples,  all  these  in 
mass  effervesce  freely  in  acid 25  1,170 
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THICKNESS.         DEPTH. 

10.       Flint,  sample  consists  of  black,  yellow, 
and  red  flint  and  jasper,  with  sand  of 
rounded  grains  of  limpid  quartz,  and 
fragments    of    limestone,    chert,   and 
chalcedony 10  1,180 

9.  Limestone,  blue-gray,  cherty  and  argil- 
laceous      10  1,190 

8        Chert,  white  and  brown,  some  shale  in 

sample 10  1,200 

7.       Limestone,    cherty,    drillings    gray    in 

mass 26  1,225 

6.  Limestone,  siliceous  material  consti- 
tutes 1^0  of  sample  by  w^eight 29  1,245 

5.  Chert  and  shale:  chert  effervescent: 
shale  pink  in  fine  grains,  but  slightly 
calcareous,  color  of  sample  buff 10  1,255 

4.  Limestone,  highly  arenaceous  and  sili- 
ceous, with  cliert  and  chalcedony;  J  of 
sample  by  weight  insoluble 5  1,260 

3.  Sandstone,  highly  calciferous:  limestone 
arenaceous,  quartz  in  minute  angular 
particles:  white  and  yellow-gray,  two 
samples 10  1,270 

2.       Shale,  fine,  light  blue-gray,  calcareous  .     15  1,285 

1.       Limestone,  cream  yellow,  rather  hard, 

in  angular  sand 25  1,310 

SUMMARY. 

HOMBBR.         FORMATION.  THICKNESS,  DEPTH,  A.  T  , 

FEE  r.  FEET.  FEE  r. 

72.     PleLstocene 125  V  126?  1,025? 

28-7 1 .     ( ;oal  Measures    725  850  300 

3-27.     Mississippian 420  1,270  -120 

1-2.     Devonian  (?) 40  1,310  -160 

LXII.      OSCEOLA. 

At  this  place  a  boring  was  sunk  1,953  feet.  Artesian  water 
was  not  found.  Unfortunately  no  data  of  the  geological  sec- 
tion are  extant.  As  the  bottom  of  the  boring  is  821  feet  below 
sea  level,  it  evidently  fell  short  of  reaching  the  Saint  Peter, 
whose  depth  here  may  be  estimated  at  over  1,200  below  tide. 

LXIII.      CLAIIINDA. 

A  boring  was  here  sunk  to  a  depth  of  1,002  feet  in  search 
for  coal.     Water  flowed  from  the  top  for  a  short  time  during 
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the  progress  of  the  work,  indicating  local  artesian  conditions 
in  the  Coal  Measures.  The  record,  which  seems  to  have 
been  carefully  kept,  contains  forty  entries  of  shale  of  various 
kinds,  limestone,  marl  and  coal.  The  Mississippian  does  not 
appear  to  have  been  reached  by  the  driller. 

LXIV.      COUNCaL   BLUFFS* 


OWNER. 

J 

< 

i 

< 
1 

a: 

III 

1 

=  1 

1,M1 
1,114 
860 

1,0401 

l,090t 

59 

4 

Chicago,  Milwikukoe&  St.  Paul 

Railway  Co. . 

ANALYSIS  OF  WKLL  AT  SCHOOL  FOR  THE  E 


Calcium  bicarbonate 9.363 

Magnesium  bicarbonate 3.272 

Sodium  bicarbonate 12.155 

Sodium  sulphate 65.723 

PotasBium  sulphate .478 

Sodium  chloride 7.503 

Magnesium  sulphate - — Trace 

Sitica  and  insoluble  residue .643 

Alumina  and  oxide  ot  iron 123 

TotalsolidB 89.433 

Anatyct,  Floyd  Davis,  Des  Moines.    Authority,  Seth  Dean. 
LXV.      GLENWOOD. 

The  facts  given  below  are  taken  from  an  article  on  the 
Glenwood  well  by  Mr.  Seth  Dean,  %  who  has  generously  donated 
to  the  Survey  a  full  set  of  drillings  from  the  well. 

Owner Town. 

IX'plh - 2,000  feet. 

Elevation  of  curb  A.  T 1,133  feet. 

Heud  of  water  A.  T Ml  feet. 


eptb  oF  the  wells,  otber  ibao  tliat  at  the  school  tor  the  deaf,  la  slieo  on  the  ftnthorltr  at  Mr. 
.^.  Call.    ([owan'eKlher  andUropSerrlce.  TOl.  Ill,  p.  8.    Much,  IMS.) 

t  Approxlm&tfll^. 

•Proc««dliigii  ol  Iowa  Olvll  E::glDeei  KDd  SaTTerors'  Socletj,  Da*  Uolnea,  UH,  pp.  tt4ii 
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Diameter 10  in.,  41  in. 

Depth  of  tubing 1,733  feet. 

Capacity  original  in  gallons  per 

minute 60 

Capacity  present  in  gallons  per 

minute - 83 

Date  of  beginning February  20,  1889. 

Date  of  completion January  5,  1891. 

Drillers - American  Well  Works  Co. 

DEPTH  OF  WATER  HORIZONS    FROM  SURFACE. 

HBAD  BCLOW 
CHARACTBR  OF  WATEB.  BURFAOK.         DEPTH. 

Fresh  154 

Salt 176  716 

Salt 15  826 

Fresh   40  1,008 

Fresh   126  1,210 

Fresh  100  1,668 

Fresh 40  1,794 

Fresh   - 171  1,836 

"The  following  interesting  facts,"  says  Mr.  Dean,  ''were 
developed  at  the  pumping  tests  made  after  the  drilling  was 
done.  The  first  test  was  made  by  pumping  ten  hours  con- 
tinuously at  about  3,000  gallons  per  hour.  After  the  water 
standing  in  the  well  had  been  exhausted,  a  standard  thermom- 
eter was  inserted  in  the  discharge  pipe  and  the  temperature 
noticed  as  follows.  January  28, 1890,  pump  started  at  10  A.  M., 
speed  3,000  gallons  per  hour. 

TBMPBRATOBX— 
HOURS.  FAUR. 

10:15  A.  M 60° 

11:30  A.  M 66° 

12:00  M 68° 

3:15  P.  M 69° 

' '  Second  test  made  July  26  and  27,  1892,  pump  started  at 
4:30  p.  M.,  speed  3,600  gallons. 

TEMPBRATURB— 
HOURS.  FAHH. 

July  26th,  4:50  P.  M 60° 

July  26th,  5:00  P.  M 62° 

July  26th,  5:40  P.  M 66° 

July  26th,  6:00  P.  M. 69° 

July  26th,  8:17  P.  M 72° 

July  27th,  2:45  A.  M. 72^° 

July  27th,  9:45  A.  M 72i° 

July  27th,  11:00  P.  M 72i° 
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' '  The  first  test  was  made  before  the  salt  water  had  been 
excluded.  The  second  test  was  made  afterward.  The  tests 
seem  to  show  quite  a  difference  in  the  temperature  of  the 
water  between  the  1,668  feet  and  the  1,336  feet  veins,  and 
that  about  four  hours  pumping  at  4,800  gallons  per  hour  are 
required  to  exhaust  the  upper  vein,  or  so  nearly  to  exhaust  it 
that  it  has  no  more  effect  on  the  temperature  of  the  water 
pumped." 

ANALYSIS. 

GRAINS  PBR       PARTS  PBR 
n.  S.  GALLON.         MILLION. 

Calcium  carbonate 5.1372  88.089 

Magnesium  carbonate «.      1.8309  31.395 

Iron  carbonate 2519  4.320 

Sodium  bicarbonate .     50.5179  866.252 

Sodium  sulphate 31.0916  5:^.139 

Sodium  chloride     106.2845  1,822.500 

Silica  and  insoluble  residue 6O09  10. 305 

Alumina Trace.  Trace. 

Total  anhydrous  salts 195.7149  3,356.000 

Less  on  ignition 4.1189  70.800 

Chlorine 64.4997  1,106.000 

Free  ammonia 0483  .826 

Albuminoid  ammonia .0042.  072 

Nitrogen  in  nitrites None.  None. 

Nitrogen  in  nitrates Trace.  Trace. 

Total  hardness  of  water,  Clark's  Scale,  7^  degrees. 

Analyst,  Floyd  Davis,  Des  Moines.  Date,  September  2,  1892.  Authority,  Mr. 
S.  Dean. 

Owing  to  the  excellent  domestic  water  supply  at  Glenwood 
and  the  peculiar  taste  of  the  city  water,  the  latter  is  used  for 
drinking  purposes  by  but  few  families.  Physicians  report  it 
slightly  laxative  and  diuretic.  In  dyspepsia  it  has  been  pre- 
scribed with  good  results,  and  chronic  dyspeptics  who,  for 
years,  could  use  only  the  simplest  farinaceous  diet  have  recov- 
ered bj^  its  constant  use.  It  has  also  been  found  of  great 
benefit  in  kidney  diseases.  It  will  be  noted  in  the  analysis 
that,  although  the  water  is  so  highly  mineralized,  the  com- 
pounds which  are  specially  deleterious  when  used  habitually, 
such    as    calcium    and    alkaline    sulphates,   are   present  in 
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comparatively  small  quantity.     The  water  is  softer  than  some 
river  waters  of  the  state. 

RECORD   OF  STRATA. 

THICKNESS.  DEPTH. 

106.    Soil 2  2 

105.     I^ess 152  154 

104.     Gravel  and  coarse  sand,  water-l)earin If...      6  160 

103.     Sand,  coarse 5  165 

102.     Till,  yellow;    pebbles,    greenstones   and 

other  kinds     10  175 

101.     Limestone,    soft,    light  and  darker  gray, 

cherty 2  177 

100.     Limestone,  dark  blue,  argillaceous,  pyri- 

tiferous     10  187 

99.     **Shale,  black  carbonaceous'' U  188i 

98.     Clay,  blue,  shaly 6i  195 

97.    Shale,  iron  gray 8  203 

96.     Limestone,  gray,  earthy  lustre 22  227 

95.  Shale,  dark  blue-gray,  fissile,  with  discs 
of  crinoid  stems  and  fragments  of  a  pro- 

ductus 5  232 

94.  Limestone,  gray:  lustre,  earthy;  compact, 
moderately  hard,  with  crinoid  stems, 
ochinoid  spines,  and  fragments  of  brach- 

iopods.-   8  240 

93.     Shale,  black,  carbonaceous    4  244 

92.     Limestone,  soft,  yellow-gray,  with  fiLselioa     13  257 

91.     Shale,  blue 7  264 

90.     Limestone,  light  yellow,  fossiliferous 9  273 

89.     Shale:  dark  red 16  289 

88.  Limestone,  bre(rciated.  sample  consists  of 
two  large  un  fractured  masses  of  very 
hard  limestone  breccia:  limestone  gray, 
sometimes  of  reddish  tint,  matrix  green- 
gray,  and  argillaceous,  but  hard 25  314 

87.     Sandstone. 9  323 

86.     Limestone,  argillaceous,  bluish-gray 17  340 

85.     Shale,  ))lue 2  342 

84      Li mest<me,  compact _ 5  347 

83.     f  hah i,  green-gray,  aremureous.  calcareous      3  350 

82.     Limesttme,    hard    gray    -highly    cherty 

at .3r)8-    13  363 

81.     Shale,  hard,  green-gray,  highly  calcareous     10  373 
80.     Tiimestone,  light  green-gray,  highly  argil- 
laceous   -. --      5               378 
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THICKNXSS.  DEPTH. 

79.    Limestone,  light   yellow-gray,  compact, 

fine  grained 18  396 

78.    Shale,   black,    carbonaceous;    and    hard, 

green-gray 9  406 

77.     "Marl,  white" -.: 2  407 

76.    Limestone,  hard,  gray 8  416 

75.    Shale,  gray,  and  limestone,  argillaceous.      4  419 

74.    Shale,  varicolored 19  438 

73.    Limestone,  gray,  close  textured 18  456 

72.  Limestone,  hard,  blue,  highly  argilla- 
ceous, with  crinoid  stems  and  fragments 

of  brachiopods 11  467 

71.    Shale,  black,  carbonaceous,  with  impure 

gray  limestone 3  470 

70.    Sandstone 6  476 

69.    Limestone,  white  and  light  gray,  close 

textured,  earthy  lustre 16  491 

68.    Slate,  black 5  496 

67.     Limestone,      yellow-gray,      fossiliferous, 

crystalline-earthy ._. 12  508 

66.     Shale,  dark  and  green-gray,  with  chonetes    11  519 
65.     Limestone,  light  yellow-gray,  soft,  fossil- 
iferous      10  529 

64.    Shale,  green,  calcareous 21  560 

63.     Limestone,  white,  soft,  crystalline-earthy    20  570 
62.     Shale,  gray,  highly  calcareous,  fossilifer- 
ous         10  580 

61.     Shale,  black,  carbonaceous  and  dark  drab    15  595 

60.  Limestone;  white  and  light  colored,  in 
places  fossiliferous,  with  one  foot  of 
"coal  (?;"  at  612  feet,  and  brown  chert 

at  635  feet,  nine  samples 43  638 

59.  Shale,  varicolored,  arenaceous  with  min- 
ute angular  particles  of  limpid  quartz, 

two  samples 47  685 

58.  Sandstone,  green-gray,  close  and  fine- 
grained, argillaceous,  calcareous;  with 
soriie  siliceous  limestone,  hard,  subcon- 
choidal  fracture,  with  much  shale  at  706 

and  711,  vein  of  salt  water  at  716 35  720 

57.     Coal  and  black  shale 1  721 

56.     Shale,  blue 4  725 

55.  Limestone,  gray,  hard,  fracture  subcon- 
choidal,  close  textured,  fossiliferous  and 
flinty  at  732;  with  four  feet  of  shale,  blue, 
at  730 15  740 
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THICKNESS.  DEPTH. 

54.    Slate 12  752 

53.     Limestone,  arenaceous 3  755 

52.    Shale,  dark  blue,  calcareous;  and  black, 

carbonaceous 3  758 

51.  Sandstone,  dark  brown  ^ray.  Calcareous, 
ferruginous,  argillaceous,  fossiliferous, 
with  chonetes  and  other  brachiopoda...      6  764 

50.  Limestone,  lighter  yellow-gray,  highly 
fossilife  ous  in  places,  with  shale  at 
733 27  791 

49.     Shale,  black,  slaty   2  793 

48.     Shale,  gray 7  800 

47.     Limestone  with  shale 15  815 

46.     **Shale,  blue,  with  sandstone  Ixind" 10  825 

45.     Sandstone,  fine  gray,  mi(*aceous,  vein  of 

salt  water 20  845 

44.  Shales,  some  fossiliferous,  in  places  car- 
bonaceous, mostly  non-calcareous,  of 
various  colors,  with  limestone  at  86S  and 
885  and  956,  coal  at  9:«.  i)yrire  at  901,  17 
samples 117  962 

43.     Limestone 3  965 

42.     Sandstone  and  shal'^,  fossiliferous 24  989 

41.     Sandstone,  gray,  soft,  argillo-calcareous, 

line-grained 9  .998 

40.     Shale  liard,  l)rittle,  non-calcareous,  green 

andbrown 10  1,008 

39.     Sandstone,  gray .   17  1,025 

38.  Shale,  hard  brittle,  of  various  bright  col- 
ors, finely  laminated,  fracture  splintery, 
non-cal(!ar  ous 20  1,045 

37.     Shale,  arenaceous 36  1,081 

36.     Shale,  black,  carlx)naceou8 7  1,088 

35.     Fireclay,  in  moulded  masses,  gray 6  1,094 

34.  Shale,  black  and  gray,  with  some  sand- 
stone        8  1,102 

33.     Limestone 2  1,105 

32.    Shales,  of  various  colors,  hard,   brittle, 

non-calcareous 23  1,128 

31.     Sandstone,  fine-grained,  with  shale;  two 

samples 22  1,150 

30.     Shale,  mostly  black,  brittle,  splintery  ...     10  1,160 

29.     Sandstone,  four  samples 30  1,190 

28.     Shale,  black,  hard,  fissile 5  1,195 

27.    Chert,  gray,  with  shale,   limestone  and 

sand 10  1,206 
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THICKNESS.  DBFTH. 

26.    Sandstone,  gray,  grains  of  moderate  size, 

imperfectly  rounded;  two  samples -.-  -    30  1,235 

25.  Chert,  with  limestone,  chalcedonic,  silica 
and  quartz  sand;  the  latter  sometimes 
seen  imbedded  in  the  chert;  five  samples    45  1 ,280 

24.    Sandstone,    argillaceous,    in    dark    gray 

powder  .    20  1,300 

23.     Chert  with  chalcedony,  limestone,  and  at 

1 ,305  much  shale;  five  samples 70  1 ,370 

22.  Shale,  highly  calcareous,  in  blue-gray 
concreted  powder,  residue  after  wash- 
ing of  pyritiferous  chert,  quartz  sand,  a 
little  glauconite,  and  non-magnesian 
limestone;  three  samples    35  1,405 

21.    Limestone,  cherty,  argillaceous,  drillings 

blue-gray;  three  samples    60  1,465 

20.     Limestone,  gray;  two  samples 45  1,510 

19.  Shale,  highly  quartzose  and  calcareous,  in 
light  blue-gray  powder;  three  samples; 
quartz  particles  minute  90  1,600 

18.     Shale,  green,  massive 44  1,644 

17.  Limestone,  in  flakes,  light  yellow-gray, 
some  soft  and  white,  non-magnesian, 
compact,  with  some  chert  at  1,^549     24  1,668 

16.  Limestones,  magnesian,  or  dolomites,  crys- 
talline, drab,  buff  and  brown,  largely  in 
sand;  effervescence  somewhat  more 
rapid  than  Le  Claire  dolomite:  four  sam- 
ples     - 41  1,709 

15.  Limestone,  brown  and  gray,  with  consid- 
erable green  shale  at  1,720 24  1,733 

14.    Limestone  magnesian,  or  dolomite,  brown, 

rough  crystalline;  four  sampler 32  1,765 

13.     Sandstone,  gray,  grains  of  limpid  quartz 

imperfectly  rounded,  with  some  crystals     19  (?)       1,784 

12.     Limestone,  magnesian,  or  dolomite,  buff 

and  yellow;  three  samples 28  1,812 

11.  Limestone,  somewhat  magnesian,  mod- 
erately rapid  effervescence,  in  brown 
and  buff  crystaline  sand;  two  samples   .     20  1,832 

10.     Limestone,    magnesian     and     dolomites, 

crystalline,  vesicular,  brown  and   buff..     68  1,900 

9.     Dolomite,  light  j  ellow-gray,  cherty,  three 

samples.  24  1,924 

8.     Dolomite,     greenish-gray,      argillaceous 

residue  6  1,930 
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• 

THIOKNEBS.  DEPTH. 


Dolomite,  light  gray,  with  much  gypsum, 

water-bearing - 8  1,938 

Gypsum,  in  light  yellow  concreted  powder, 
now  highly  indurated,  which  disaggre- 
gates with  difficulty  in  boiling  HCL.,  in 
which  most  of  it  is  soluble 3  1,941 

5.    Dolomite,  gray,  with  flakes  of  gypsum  and 

selenite;   four  samples 39  1,980 

4.    Limestone,    gray,  somewhat  magnesian, 

seleniferous,  argillaceous ...' 10  1,990 

3.    Shale,  soft,  greenish,  calcareous 6  1,995 

2.    Dolomite,  gray,  in  powder,  highly  selen- 
iferous        6  2,000 

1.    Shale,  hard,  green,  very  slightly  calcare- 
ous,  at 2,000 

SUMMARY. 

THICKIIMS.     DBPTH  A.  T. 

102-106.     Pleistocene 175  175 

45-lOL    Missourian 670  845 

26-44.    Des  Moines 390  1,236 

21-25.    Mississippian 230  1,465 

19-20.    Devonian!?) 135  1,600 

2-18.    Silurian  400  2,000 

1.    Maquoketa  (?)  at 2,000 

Flowing  Wells  in  Glacial  Drift. 

It  does  not  come  within  the  scope  of  this  report  to  describe 
the  drift  artesians  of  Iowa,  and  this  not  because  they  are 
either  few  or  unimportant.  It  has  been  estimated  by  one 
investigator  that  there  are  nearly  a  thousand  of  these  wells 
in  the  state,  and  they  constitute  a  specially  valuable  natural 
resource  in  a  number  of  counties,  affording  a  generous  and  inex- 
pensive supply  to  villages  and  farms.  But  they  are  so  essen- 
tially local  in  their  character  that  their  investigation  and 
description  may  well  be  left  to  the  local  geological  work  in 
the  counties  in  which  they  occur. 

The  areal  distribution  of  drift  artesians  is  by  no  means  uni- 
form over  the  state.  They  are  most  numerous,  as  noted  by 
Call,*  on  whose  work  we  freely  draw,  in  drift  of  the  Wisconsin 

*Iowa  Weather  and  Orop  Serv.,  vol.  Ill,  No.  3,  pp.  1-15. 
88  O.  Bep. 
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stage,   within  the  Altamont  Moraine,   whose  loop  of  hills 
extends  south  as  far  as  Des  Moines,  although  they  occur  also 


Fid.  t£.    PonntalD  bI  Eagle  Qrove.  Iowa,  lupplled  bf  utaaUn  well  Id  glacial  drift. 

upon   areas    of    the  lowan  drift.     They    are  aggregated  in 
detached  areas  which,  for  the  most  part,  occupy  low  lands 
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adjacent  to  rivers.  The  most  important  of  these  areas  are 
found  in  Bremer  county,  in  the  valley  of  the  Wapsipinicon ;  on 
the  Iowa  river,  in  a  district  including  parts  of  Benton,  Tama, 
Iowa  and  Poweshiek  counties;  in  the  valley  of  the  BoOne  river 
in  Hancock  and  Wright  counties ;  in  Greene  county,  in  the  val- 
ley of  the  Raccoon ;  and  on  the  Chicaqua  in  Story  county. 

The  aquifers  in  all  instances  are  beds  of  sand  or  gravel 
covered  with  impervious  till;  and  these  water-logged  sheets 
of  sand  must  often  be  of  considerable  size,  since  they  must 
be  practically  continupus  over  the  whole  of  each  of  the  areas 
mentioned.  The  origin,  place  and  formation  will  be  readily 
understood  if  it  is  recalled  to  mind  that,  during  the  geological 
epoch  immediately  preceding  the  present,  Iowa  was  thrice 
invaded  from  the  north  by  ice  sheets,  comparable  in  size  with 
that  which  mantles  Greenland  to-day.  During  the  retreat, 
and  also  during  the  advance  of  each  of  these  continental  gla- 
ciers, vast  bodies  of  water  were  unlocked  by  melting  along  the 
entire  front  of  the  ice.  The  natural  discharge  of  these  waters 
was  southward  along  the  waterways  of  the  country,  and  in 
these  they  left  the  sand  and  gravel  with  which  their  torrents 
were  loaded.  Wherever  the  ice  invasions  were  co-extensive, 
these  accumulations  of  valley  drift — excepting  that  formed 
at  the  final  retreat  of  the  ice — were  either  removed  by  a  later 
ice  invasion  or  were  covered  with  the  impervious  clays  of  its 
subglacial  moraine,  and  when  so  covered  with  till,  such  valley 
drift  was  fitted  to  become  the  channel  of  artesian  water,  head- 
ing either  up  the  valley,  or  on  higher  ground  on  the  valley 
sides. 

Artesians  of  this  class  are  directly  dependent  upon  the 
rainfall  of  the  region,  and  should  show  corresponding  fluctua- 
tions with  it,  so  soon  as  the  accumulation  of  the  local  reser- 
voir is  once  drawn  off.  When  largely  multiplied  in  any  region 
they  may  aflfect  the  amount  of  ground  water  available  for 
springs  and  common  wells  in  the  adjacent  area  of  intake. 

Even  so  short  a  sketch  as  this  of  drift  artesians  will  be 
considered  incomplete  if  mention  is  not  made  of  that  most 
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famous  of  all  Iowa  wells,  which  for  its  brief  day  attracted  a 
popular  notice  almost  as  wide  as  that  of  the  Charleston 
earthquake,  to  which  the  outburst  of  its  waters  was  attrib- 
uted. The  notoriety  of  *  *  Jumbo"  of  Belle  Plaine*  was  strictly 
that  of  a  member  of  the  criminal  classes,  and  began  with  his 
resistance  to  control,  and  lasted  only  until  his  final  imprison- 
ment. Six  artesian  wells  had  previously  been  drilled  in  the 
drift  at  Belle  Plaine.  In  depth  they  varied  from  210  to  301 
feet,  and  the  common  head  of  their  water  was  from  3  feet 
below  the  surface  to  45  feet  above  it,  according  "to  the  lie  of 
the  ground. 
The  record  of  the  strata  as  given  by  Call  is  as  follows. 

THI0K1IE88.     DIPTH. 

6.  Soil  with  humus 4  4 

5.  Sandy  clay 12  16 

4.  Gravel  and  sand 8  24 

3.  YeUow  clay 13  37 

2.  Blue  clay,  with  layers  or  pockets  of  sand 

andgravei 172  209                  • 

1.  Gravel  and  sand,  water-bearing,  at ^  ...  209 

In  one  well  stratum  No.  1  was  penetrated  to  a  depth  of 
25  feet  without  passing  through  it. 

The  seventh  well,  '* Jumbo,"  was  drilled  on  lower  ground 
than  any  of  the  others  and  reached  the  water-bearing  stratum 
of  sand  and  gravel  at  193  feet. 

Local  historians  of  the  well,  which  they  please  to  term 
**the  eighth  wonder  of  the  world,"  state  that  the  besfinning 
of  trouble  lay  in  the  fact  that  the  driller  attempted  to  use  the 
force  of  the  flow  in  reaming  out  the  two-inch  bore  which  he 
had  put  down  for  want  of  a  larger  drill,  to  three  inches,  the 
dimension  specified  in  the  contract.  This  task  the  water 
speedily  accomplished  in  the  unindurated  clays  and  sands, 
but  not  stopping  there  went  on  and  soon  enlarged  the  bore  to 
over  three  feet  in  diameter.  Through  this  shaft  the  water 
boiled  up  in  a  fountain  five  feet  in  height — the  press  reports 


*The  author  is  here  indebted  especially  to  an  article  on  this  well  by  Dr.  T.  O.  Ohamberlio, 
Science,  vol.  VII J,  p.  276,  and  to  local  data  and  pamphlets  kindly  supplied  by  Mr.  8.  B. 
Montgomery,  as  well  as  to  the  article  by  Oall  already  cited. 
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giving  several  hundred  feet  as  the  height  of  this  fountain 
were  exaggerated— flooding  streets  and  yards  and  covering 
them  with  sand.  It  is  estimated  that  from  500  to  1,000  ear 
loads  of  sand  were  discharged  from  the  well.  The  quantity- 
was  certainly  so  great  that  only  with  the  greatest  effort  could 
the  ditches  be  kept  open  to  carry  off  the  water.  Gravel  and 
small  pebbles  of  northern  drift  were  thrown  out,  and  some 
pieces  of  fossil  wood  two  and  three  feet  long.  The  maximum 
flow  of  water  was  variously  estimated  at  from  5,000,000  gal- 
lons to  9,000,000  gallons  per  diem.     Two  weeks  after  the  well 


il 

fin| 
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Flo.  iS.    ArtoBlKD  well  Id  glacial  drltt,  Belle  PUlae.  [owa.   Jnmbo  wblle  uncontrolled, 

was  drilled  Chamberlin  calculated  its  discharge  at  3,000,000 
gallons  for  the  same  period.  The  enormous  flow  rapidly 
drew  down  the  head  of  the  other  wells  until  it  sank  beneath 
the  surface. 

The  attempts  to  ease  and  control  the  well  continued  from 
August  26,  1886,  the  date  when  water  was  struck,  to  October 
6,  1887,  when  the  task  was  successfully  accomplished. 

During  this  time  the  well,  193  feet  deep,  devoured,  as  local 
historians  tell  us,  163  feet  of  eighteen-inch  pipe,  seventy-seven 
feet  of  sixteen-inch  pipe,  sixty  feet  of  five-inch  pipe,  an  iron 
cone  three  feet  in  diameter  and  twenty-four  feet  long,  forty 
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carloads  of  stone,  130  barrels  of  cement,  and  an  unestimable 
amount  of  sand  and  clay. 

The  well  was  supposed  by  many  to  tap  an  aqueduct  leading 
from  some  large  and  distant  body  of  water,  but  with  such 
vagaries  the  reader  will  have  little  patience.  Of  this  artesian 
field  Call  says  that  '  *  there  are  indications  which  point  toward 
the  existence  in  this  area  either,  first,  of  a  great  preglacial 
valley  which  has  become  filled  with  morainic  materials,  or, 
second,  to  the  existence  of  a  great  fault."  He  further  sug- 
gests '  'that  the  water  may  be  derived  from  the  Cedar  river, 
which  he  considers  may  be  tapped  below  Waterloo,  the  water 
finding  its  way  southward  through  a  very  wide  and  deep  chan- 
nel, from  which  rises  the  water  at  Belle  Plaine.  **  Certain  it 
is,"  says  he,  "  that  some  unusual  and  abundant  water  supply 
prevails  in  that  section.  The  rainfall  is  not  above  the  mean 
of  the  state,  and  no  other  subterranean  source  seems 
probable." 

On  the  other  hand,  Chamberlin  states  after  a  personal 
examination  of  the  wells,  that  *Mt  is  not  necessary  to  suppose 
any  unusual  subterranean  source,  either  in  area  or  kind.  Nor 
is  it  necessary  to  suppose  a  distant  origin.  The  head  is  not 
greater  than  could  be  supplied  by  the  country  adjacent  on  the 
north,  which  is  the  probable  supply-ground. 

* '  It  is  simply  a  flowing  drift  well,  run  rampant  for  want  of 
control.  It  has  its  phenomenal  feature  in  its  magnitude  and 
its  lesson  in  its  expensive  and  destructive  career  through  inju- 
dicious  handling." 

This  conclusion  is  based  on  careful  estimates,  which  show 
that  the  upper  edge  of  the  water-bearing  stratum,  the  area  of 
intake  which  supplies  the  Belle  Plaine  well,  need  not  exceed 
400  acres  in  extent. 

It  is  probably  unnecessary  to  add  that  the  author  regards 
the  Belle  Plaine  area  as  a  normal  artesian  basin  in  glacial 
drift,  and  does  not  sympathize  with  any  view  of  the  deriva- 
tion of  its  waters  through  a  great  fault  or  by  the  subterra- 
nean diversion  of  a  river. 
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The  Chemistry  of  Artesian  Waters. 

It  is  not  the  aim  of  this  chapter  to  present  anything  of 
novelty  to  the  chemist,  but  only  to  set  forth  such  facts  relat- 
ing to  the  subject  as  may  be  of  value  to  citizens  who  are 
interested  in  knowing  the  nature  of  the  water  which  they 
drink  and  upon  whom  the  selection  of  a  public  supply  may 
devolve.  Any  treatment  of  the  subject  of  artesian  wells 
must  be  incomplete  which  omits  the  chemical  composition  of 
their  waters;  for  upon  this,  and  not  directly  upon  their  geo- 
logical conditions,  depend  their  potability,  healthfulness  and 
availability  for  many  municipal  uses.  There  are  areas  in  the 
United  States  in  which  artesian  waters  are  accessible  and 
abundant,  but  not  available;  they  may  consist  of  strong 
brines;  they  may  carry  hydrocarbons  in  either  fluid  or  gaseous 
form;  they  may  be  highly  f erruginated ;  on  account  of  their 
chemical  constituents  they  may  be  distinctly  injurious  to  the 
human  system. 

INTERPRETATION    OF  CHEMICAL   WATER   ANALYSES. 

The  mineral  analyses  of  many  of  the  artesian  waters  have 
been  given  under  the  records  of  the  wells  in  the  preceding 
sections.  Unfortunately  nothing  is  less  intelligible  than  a 
chemical  analysis  to  one  not  a  student  of  chemistry.  It  may 
therefore  be  useful  to  supply  here  a  brief  interpretation  of 
water  analyses,  the  methods  by  which  they  are  obtained,  the 
meaning  of  their  symbols  and  terms,  and  their  relation  to 
matters  of  practical  utility  and  sanitation.  Our  experience 
shows  also  the  need  of  directions  for  taking  samples  for 
analyses.  We  strongly  urge  that  while  the  drilling  of  a  well 
is  in  progress  a  quantitative  analysis  of  each  flow  should  be 
secured  as  soon  as  possible  after  it  is  reached.  Only  with 
this  knowledge  in  hand  can  an  intelligent  selection  be  made, 
and  any  veins  cased  oflf  which  may  injure  the  quality  of  the 
water  of  the  well.  Since  the  substances  to  be  detected 
exist  in  minute  amounts  in  the  small  quantities  of  water 
taken  for  analysis,  the  utmost  care  must  be  paid  in  bottling 
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the  samples.  The  following  directions  sent  out  by  the  Sur- 
vey illustrate  the  precautions  which  must  be  taken  in  order 
to  insure  a  successful  and  reliable  analysis. 

1«  Use  a  new,  clean,  two-gallon  glass  demijohn  or  jar  stopped  with  a  new  cork, 
or  glass  stopper. 

2.  Rinse  both  three  or  four  times  with  the  water  of  which  an  analysis  is  to  be 
made.     See  that  no  foreign  substances,  such  as  straws,  remain  jxk  the  demijohn. 

3.  Draw 'the  water  for  analysis  from  the  tap  nearest  the  well.  If  the  well  is 
not  a  flowing  artesian,  do  not  fill  demijohn  until  the  pumps  have  been  running 
several  hours. 

4.  Leave  a  very  small  air  space  between  the  cork  and  the  water. 

5.  Use  no  sealing  wax.  Avoid  fingering  cork  or  mouth  of  jug.  Tie  over  the 
neck  a  piece  of  stout  muslin  to  hold  in  the  cork.  This  may  be  sealed  with  a  wire 
and  metal  seal  to  prevent  tampering. 

The  sample  should  be  expressed  at  once  to  a  competent 
chemist  and  nothing  less  than  a  full  quantitative  analysis 
should  be  accepted.  Amateur  tests  resulting  in  statements 
that  such  and  such  elements  are  present  in  the  water  have 
practically  no  value.  Complete  mineral  analyses  state  what 
mineral  constituents  the  water  contains,  and  in  precisely 
what  quantities.  Thus  they  indicate  its  physiological  effects 
and  mechanical  qualities,  and  aflford  means  of  comparison 
with  table  or  mineral  waters  whose  properties  are  certified 
by  long  experience.  Except  in  instances  where  there  is  sus- 
picion of  surface  contamination,  a  sanitary  analysis  is  usually 
unnecessary. 

In  comparing  the  analyses  of  artesian  and  other  waters,  a 
difficulty  is  met  in  the  fact  that  as  yet  chemists  have  not 
reached  a  uniform  method  of  analysis  and  expression  of 
results.  "As  a  matter  of  fact,"  says  Dr.  Peale,*  *'the  anal- 
yses of  mineral  waters  have  been  made  upon  almost  as  many 
plans  as  there  have  been  chemists  making  the  analyses.  An 
inspection  of  about  1,000  analyses  of  mineral  waters  of  the 
United  States  shows  that  at  least  forty-two  methods  of  stat- 
ing the  results  have  been  employed." 

Quantitative  results  are  stated  in  the  following  ways: 

*Foarteenth  Annual  Rept.  U.  S.  Geological  Survey,  p.  60. 
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A.  Comparison  of  weights  of  constituents  to  weights  of 
water.  This  comparison  is  made  on  a  decimal  basis,  and  is 
employed  in  the  reports  of  the  United  States  Geological  Sur- 
vey, by  the  National  Board  of  Health,  and  the  Boards  of  many 
states,  in  Great  Britain  by  the  Royal  Rivers  Pollution  Com- 
missioners, and  commonly  in  Germany  and  France.  It  may 
indicate. 

a.  So  many  parts  per  1 ,000  (or  grams  per  kilo). 

b.  So  many  parts  per  10,000. 

c.  So  many  parts  per  100,000. 

d.  So  many  parts  per  1,000,000  (or  milligrams  per  kilo). 

Which  of  these  four  ratios  is  chosen  is  a  matter  of  con- 
venience only  and  is  of  little-  importance,  since  they  are  so 
readily  interconvertible.  *'a"  and  '^b"  are  more  often 
employed  in  heavily  mineralized  waters,  and  '*c"  and  *'d" 
in  surface  and  potable  waters,  whose  mineralization  is  slight; 
'*c"  is  in  favor  with  many  eminent  chemists  as  a  golden 
mean,  and  is  recommended  by  the  committee  of  the  British 
Association  of  Science  for  1889;  ''d"  is  recommended  by  the 
Chemical  Society  of  Washington,  1896,^  and  is  used  in  the 
official  analyses  of  this  Survey. 

B.  Comparison  of  weights  of  constituents  to  measures  of 
water. 

a.  On  a  decimal  ba^is  of  so  many  milligrams  per  liter.  As 
a  liter  of  pure  water  weighs  1,000  grams,  this  would  be  equiv- 
alent to  so  many  parts  per  millioii  by  weight,  if  the  water 
analyzed  were  the  same  specific  gravity  as  pure  water,  and  is 
practically  equivalent  to  that  method  in  the  case  of  many 
potable  waters  the  excess  of  whose  weight  over  pure  water 
is  very  slight.  In  the  case  of  strong  mineral  waters,  brines 
and  sea  water,  the  difference  in  weight  between  a  liter  of 
the  water  and  1,000  grams  must  be  taken  into  account  and  a 
special  computation  is  required  in  converting  one  scale  into 
the  other. 

b.  On  the  basis  of  so  many  grains  to  the  imperial  gallon. 

c.  On  the  basis  of  so  many  grains  to  the  United  States 
standard  wine  gallon  of  231  cubic  inches.     This  method  is 


356  ARTESIAN  WELLS  OF  IOWA. 

commonly  used  in  the  United  States  and,  as  to  most  readers 
it  will  at  least  seem  more  intelligible  than  the  others,  it  is 
employed  in  this  report.  Nearly  all  the  analyses  of  artesian 
waters  reported  to  us  were  already  expressed  in  this  scale,  and 
the  few  otherwise  stated  are  reduced  to  it. 

A  complete  chemical  analysis  states,  first,  the  acids  and 
bases  uncombined  as  they  were  found  by  the  chemist.  This 
record  is  a  matter  of  fact,  subject  only  to  errors  in  manipula- 
tion and  measurement.  Unfortunately  this  record  is  only 
seldom  furnished.  It  is  given  in  all  the  official  analyses  of 
the  Survey,  but  in  scarcely  any  of  the  other  analyses  here 
published  could  it  be  obtained,  even  by  special  request  to  the 
different  chemists.  An  analysis  states,  secondly,  the  hypo- 
thetical combinations  in  which,  according  to  the  chemist's 
best  judgment,  the  acids  and  bases  occur.  This  record  is  a 
matter  of  judgment  and  method.  For  example,  nearly  all  the 
analyses  of  Iowa  artesian  waters  record  the  presence  of  sodium 
chloride,  or  common  salt.  Yet  the  chemist  does  not  find 
and  measure  the  quantity  of  sodium  chloride  directly  by  his 
reagents  and  instruments.  He  finds  the  elements  that  com- 
bine to  form  sodium  chloride,  /.  ^.,  chlorine  and  sodium.  If 
no  other  elements  are  present  the  combination  is  simple  and 
sure.  But  this  is  seldom,  if  ever,  the  case.  Other  elements, 
acids  and  bases  are  present,  for  example,  potassium  and  sul- 
phuric acid.  Are  these  four  bases  and  acids  combined  as 
sodium  chloride  and  potassium  sulphate,  or  as  sodium  sul- 
phate and  potassium  chloride,  or  are  all  four  compounds 
present,  and  if  so,  in  what  proportions?  These  are  questions 
which  cannot  receive  an  exact  and  definite  answer.  There 
must  be  taken  into  consideration  the  relative  amounts  of  all 
the  constituents,  their  solubilities,  the  relative  strength  of 
different  acids  and  bases,  and  the  strength  of  the  solution  in 
which  they  occur.  At  the  best,  the  combination  must  be 
hypothetical.  Different  chemists  may  combine  the  same  rad- 
icals in  different  ways.  In  order  that  a  series  of  chemical 
water  analyses  should  have  the  highest  value,  it  should  be 
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made  by  the  same  chemist,  or  at  least  by  chemists  working 
by  uniform  methods.  The  series  of  official  analyses  made  for 
the  Survey  by  Prof.  J.  B.  Weems,  Ph.  D. ,  of  the  Iowa  Agri- 
cultural College  at  Ames,  has  thus  a  special  value.  It  com- 
prises both  records,  that  of  the  I'adicals,  and  that  of  their 
hypothetical  combinations;  and  we  can  only  regret  that 
arrangements  could  not  be  made  by  which  all  the  artesian 
waters  of  the  state  could  be  included  in  the  series. 

MINERAL  INGREDIENTS   OP  ARTESIAN  WATERS. 

• 

Water  as  it  issues  from  an  artesian  well  is  never  the  pure 
compound  of  hydrogen  and  oxygen  represented  by  the  famil- 
iar formula  Hj  O.  It  is  composed  of  other  substances  also. 
A  flask  of  it  does  not  differ  in  appearance  from  a  flask  of  dis- 
tilled water  chemically  pure;  and  yet  the  two  are  unlike  in 
weight,  in  taste,  and  in  chemical  reactions.  The  waters  from 
no  two  artesian  wells  are  precisely  the  same.  Minerals  present 
in  one  are  absent  in  the  other,  or  are  present  in  different  pro- 
portions. Pure  water,  indeed,  is  not  found  in  nature,  unless 
it  be  at  the  very  moment  of  its  condensation  from  invisible 
vapor.  The  drops  which  form  clouds  have  absorbed  gases 
from  the  air  about  them.  The  raindrop  falls  to  earth  carrying 
with  it,  washed  from  the  air  od  its  way,  spores  of  bacteria, 
shreds  from  the  waste  of  life,  and  the  various  mineral  and 
organic  particles  which  form  the  dust  of  the  atmosphere. 
When  the  rain  has  reached  the  earth  and  goes  on  its  way  to 
the  sea  either  under  the  sunlight  in  the  brook  and  river  or  by 
those  long,  slow  and  dark  courses  from  which  it  rises  in  our 
deep  wells,  everywhere  it  is  taking  up  into  solution  the  mineral 
substances  with  which  it  meets.  The  soil  on  which  the  rain 
gathers  into  the  rill,  the  bed  of  the  stream,  the  rocky  walls 
of  underground  ways,  all  are  laid  under  contribution  by  this 
universal  solvent,  and  made  to  furnish  materials  to  alter  its 

composition. 

a,     Dhsoh'ed  Gases. 

The  substance  found  in  solution  in  artesian  waters  are  either 
gases  or  solids.     Both  vary  widely  among  themselves  in  their 
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solubility,  and  each  gas  and  solid  dissolved  in  definite  amounts 
and  proportions  under  like  conditions  of  temperature  and 
pressure.  In  gases,  solubility  increases  with  increase  of 
pressure,  and  diminishes  with  increase  of  temperature. 
FamiUar  illustrations  of  this  general  law  are  found  in  the  soda 
fountain,  where  the  water  is  charged  in  the  reservoir  with 
large  quantities  of  carbonic  acid  gas  under  great  pressure, — 
the  gas  escaping  from  the  water  as  soon  as  the  pressure  is 
removed — and  in  the  well  known  fact  that  water  may  be  freed 
by  boiling  from  all  its  gases  held  in  solution  at  ordinary  tem- 
peratures. The  coeflBcient  of  absorption  of  different  gases, 
or  the  volume  of  the  gas  soluble  in  water,  varies  greatly. 
Thus  one  cubic  centimeter  of  water,  at  59°  Fahr. ,  at  a  press- 
ure of  760  mm.  of  mercury,  will  dissolve  the  following  volumes, 
expressed  in  fractions  of  a  cubic  centimeter,  of  the  following 
gases. 

OXrQBN.  NITBOOBN.  CARBON  DIOXIDB  AMMOWIA. 

0.02989        0.01478         1.00200        727.20000 

At  this  temperature  and  pressure  water  dissolves  about  twice 
as  much  oxygen  as  nitrogen,  over  thirty-three  times  as  much 
carbon  dioxide  as  oxygen,  and  24,329  times  as  much  ammonia 
as  oxygen. 

OXYGEN. 

Free  oxygen  has  not  been  observed  in  artesian  waters.  It 
is  universally  present  in  all  surface  and  ground  waters,  except 
where  consumed  by  decaying  organic  matter.  So  complete  is 
the  circulation  of  the  waters  of  the  ocean,  that  dissolved 
oxygen  is  found  even  in  samples  taken  from  the  greatest 
depths.  But  in  the  underground  courses  of  artesian  waters, 
all  oxygen  seems  to  be  consumed  in  oxidizing  whatever  organic 
matter  they  may  have  contained  originally.  No  sufficient  tests 
however,  have  been  made  of  the  artesian  waters  in  Iowa  to 
absolutely  prove  the  absence  of  oxygen  in  them. 

AMMONIA. 

The  presence  of  this  gas  in  artesian  waters  is  of  especial 
interest.     In  nature  it  is  an  immediate  product  of  the  decay 
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of  organic  matter.  From  rotting  wood  and  leaves  and  putre- 
fying animal  tissue  nitrogen  is  constantly  supplied  to  the 
atmosphere  in  the  form  of  ammonia.  That  the  quantity 
present  in  the  air  is  excessively  minute,  not  exceeding  one 
one-hundredth  of  a  gi*ain  in  a  cubic  foot,*  is  not  due  to  any 
deficiency  in  the  supply,  but  rather  to  the  constant  absorp- 
tion and  consumption  of  nitrogen  by  the  vegetable  world. 
The  solubility  of  ammonia,  as  has  been  seen,  is  excessive,  and 
rain  and  snow  both  serve  as  vehicles  by  which  it  is  conveyed 
from  the  air  to  the  earth.  By  oxidation,  ammonia  rapidly 
passes  first  into  nitrites  and  then  into  nitrates.  Wherever  it 
is  found  free  in  natural  waters,  it  is  understood  to  signify 
either  the  immediate  presence  of  decomposing  organic  matter 
or  the  remoter  presence  of  organic  matter,  the  further  pro- 
cesses of  change  into  nitrites  and  nitrates  having  been  sus- 
pended in  the  latter  case  by  various  causes. 

In  surface  waters,  where  no  such  causes  are  present  to 
suspend  oxidation,  free  ammonia  is  a  proof  and  measure  of 
pollution.  Harmless  in  itself,  it  demonstrates  the  presence 
of  animal  or  vegetable  tissue  in  the  very  process  of  putrefac- 
tion. Surface  waters  are  condemned  which  contain  over  .08 
parts  of  free  ammonia  to  the  million.  Artesian  waters,  how- 
ever, which  are  above  reasonable  suspicion  of  possible 
contamination,  occasionally  contain  free  ammonia  in  quanti- 
ties suflBcient  to  condemn  them  at  once,  by  the  ordinary 
standards  of  purity  for  surface  waters.  Prof.  E.  G.  Smith 
thus  found  in  one  of  the  wells  at  Davenport  .9  grains  of  free 
ammonia  to  the  United  States  gallon.  It  is  reported  also 
from  other  wells  of  the  state,  although  in  much  smaller 
amounts. 

What  is  its  origin?  Certainly  not  the  presence  of  organic 
matter  in  the  process  of  decay,  since  in  this  case  it  could 
hardly  fail  to  be  accompanied  by  albuminoids,  nitrites  and 
nitrates,  all  of  which  are  absent.  Three  possible  sources  may 
be  mentioned.     As  all  artesian  waters  were  at  one  time  storm 


*Blozam's  Ohemiitry,  4th  Ed.,  p.  128.    London,  1880. 
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and  surface  waters,  it  may  be  considered  that  the  ammonia 
derived  from  the  atmosphere  and  soil  along  the  intake  area 
was  retained  in  part  unchanged,  as  the  waters  descended  to 
their  deepest  levels,  wherever  the  co-operation  of  other 
causes  prevented  its  oxidation.  Again,  it  may  be  conjectured 
that  the  surface  waters  of  the  intake  area  carry  with  them  in 
their  descent  as  artesian  waters  organic  matter  whose  gradual 
decomposition  supplies  the  ammonia  in  question.  In  most 
instances  perhaps,  the  total  amount  of  nitrogen  present  in 
artesian  waters  is  not  too  large  to  be  so  accounted  for.  Its 
concentration  in  free  ammonia  instead  of  the  usual  distribu- 
tion in  other  forms  is  anomalous. 

A  third  hypothesis  that  may  be  suggested  is  that  of  the 
derivation  of  the  ammonia  by  the  breaking  up  of  fossil  organic 
matter  in  the  rocks.  When  we  remember  that  the  ammonia 
of  commerce  is  largely  manufactured  from  the  ammoniacal 
liquor  resulting  from  the  distillation  of  coal,  it  does  not  seem 
improbable  that  the  nitrogen  of  coal  seams  and  beds  of  shale 
containing  carbonaceous  matter  supplies,  at  least  in  part,  the 
free  ammonia  in  question.  Its  association  with  hydrogen 
sulphide  supports  this  view. 

Whatever  may  be  its  origin,  its  preservation  is  due  to  two 
facts.  As  we  have  seen,  free  oxygen  is  absent  in  deep  well 
waters.  After  the  oxygen  absorbed  from  the  air  at  the  area 
of  supply  is  once  consumed  in  chemical  changes,  the  oxida- 
tion of  any  free  ammonia  is  impossible,  and  nitrites  and 
nitrates  are  thus  never  found  in  uncontaminated  artesian 
waters  except  in  traces. 

A  second  and  still  more  significant  fact  has  been  noted  by 
Prof.  E.  B.  Smith,  of  Beloit,  Wis.,  in  a  paper  read  before  the 
American  Water  Works  Association,  in  1883.  After  showing 
the  presence  of  sulphureted  hydrogen  in  various  artesian 
waters  containing  free  ammonia,  he  says:  ''The  extraordin- 
aiy  ammonia  can  be  explained  on  the  basis  that  the  sulphur- 
eted hydrogen  has  exerted  its  well  known  reducing  action, 
either  reducing  the  higher  oxidized  compounds  of  nitrogen 
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back  to  ammoDia,  or  preventing  entirely  their  formation. 
This  explanation  seems  to  me  perfectly  satisfactory  and  rea- 
sonable and  to  meet  the  case.  It  may  be  that  other  agencies 
as  the  iron  oxide  dissolved  in  these  waters,  also  lend  their 
assistance  to  the  final  result,  but  probably  the  sulphureted 
hydrogen  is  the  principal  one  at  work."* 

HYDROGEN  SULPHIDE. 

Hydrogen  sulphide  or  sulphureted  hydrogen  is  not  uncom- 
mon in  the  artesian  waters  of  Iowa,  although  seldom,  if  ever, 
mentioned  in  water  analyses.  This  gas  of  disgusting  odor  is 
to  the  highest  degree  evanescent,  and  waters  from  this  cause 
too  offensive  to  drink  as  they  issue  from  the  well  become 
palatable  by  the  escape  and  oxidation  of  the  sulphide  after 
standing  for  a  short  time  in  reservoir  or  tank.  Hydrogen 
sulphide  would  be  readily  generated  by  the  reaction  of  hydro- 
carbonaceous  matter  in  the  strata  accessible  to  artesian  water 
with  such  alkaline  sulphates  as  are  usually  present  in  solution 
in  the  water. 

When  the  Saint  Peter  water  carries  sodium  sulphate  and 
carbon  dioxide  and  the  Trenton  shales  immediately  above  are 
bituminous  and  pyritiferous,  it  may  be  expected  to  rise 
charged,  as  at  Davenport  and  Clinton,  with  hydrogen  sulphide. 

CARBON  DIOXmE. 

Carbon  dioxide,  or  carbonic  acid  gas,  is  reported  from  a  few 
artesian  wells  in  the  state.  Usually  no  pains  are  taken  to 
retain  it  in  samples  for  analysis,  and  it  doubtless  is  more 
commonly  present  in  artesian  waters  than  our  records  show. 
It  is  specially  noted  in  the  wells  at  Colfax  and  McGregor. 

In  itself,  it  is  a  welcome  constituent  of  any  drinking  water; 
since  it  imparts  an  agreeable  pungency  and  flavor,  and  acts 
as  a  stimulant  to  the  digestive  organs.  As  a  solvent,  it  often 
increases  the  amount  of  other  and  less  desirable  minerals. 

Carbon  dioxide  is  one  of  the  five  gases  which  form  the 
atmosphere,  and  it  is  thence  absorbed  by  all  surface  waters. 

^Artesian  Wells  as  a  Source  of  Water  Supply,  p.  7,  Technics  'PubllshlDg  Co.,  New  York, 
1898. 
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The  soil  also  constitutes  a  vast  laboratory  for  its  generation 
by  means  of  decomposing  vegetal  matter.  Fifty-seven  cubic 
feet  of  carbon  dioxide  to  the  acre  are  present  in  a  layer  four- 
teen inches  thick  of  the  surface  soil  of  forests,  according  to 
the  estimates  of  Boussingault  and  Levy.  Constantly  gener- 
ated in  all  unfrozen  soils,  it  is  constantly  removed  and  carried 
downward  by  percolating  waters  and  thus  in  all  phreatic  and 
artesian  waters  it  is  found  as  an  unfailing  constituent.  These 
well  nigh  universal  sources  are  not  sufficient,  however,  to 
account  for  highly  carbonated  springs  and  wells,  or  even  for 
some  of  the  more  strongly  carbonated  artesian  waters  of 
Iowa.  The  chief  source  is  unquestionably  volcanic.  The 
evolution  of  carbonic  acid  gas  is  one  of  the  first  events  in  the 
life  history  of  a  volcano,  preceding  even  the  building  of  the 
volcanic  mountain.  It  is  also  one  of  the  latest  phenomena  in 
that  long  history,  and  indicates  the  near  approach  of  the  final 
extinction  of  volcanic  activity  in  any  region.  Vulcanism 
assists  in  the  production  of  this  gas  in  several  ways.  As 
limestone  ' '  burned ' '  in  the  lime  kiln  gives  oflf  large  volumes 
of  carbonic  acid  gas,  so  rocks  consisting  of  the  carbonates, 
when  invaded  by  equal  volcanic  heat,  are  supposed  to  be 
similarly  decomposed  with  the  evolution  of  the  same  gas. 
Bischof  has  also  shown  that  carbon  dioxide  is  expelled  where 
carbonate  of  lime,  magnesia,  and  ferrous  oxide,  occurring 
with  silica,  are  subjected  to  the  action  of  water  at  212°  Fahr.* 
It  is  quite  possible,  however,  that  volcanic  carbon  dioxide  is 
not  only  disengaged  by  the  action  of  heat  upon  sedimentary 
strata,  but  is  also  a  primary  constituent  of  the  original  magma 
of  the  earth,  and  that  its  presence  in  volcanic  phenomena  of 
all  degrees  of  intensity  is  due  largely  to  its  extravasation. 

In  a  region  so  far  and  long  removed  from  volcanic  centers 
as  the  upper  Mississippi  valley,  the  evolution  of  carbon  diox- 
ide can  hardly  be  attributed  to  vulcanism.  In  places  it  may 
be  due  to  the  reaction  upon  limestone  of  persalts  of  iron 
derived  from  the  decomposition  of  iron  pyrites,  as  suggested 

*  Chemical  and  Physical  Geology,  p.  837.    LondoD,  1854,  vol.  I. 
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by  stein  and  approved  by  Bischof .  *  It  is  also  evolved  by  the 
oxidation  of  organic  matter  more  or  less  deeply  buried,  as  in 
coal  seams  and  vegetal  accumulations  of  Pleistocene  age. 
Such  is  the  origin  of  the  carbonic  acid  gas  ejected  by  the 
"blowing  wells  ■'  of  the  state,  the  source  being  either  Creta- 
ceous lignites,  or,  more  commonly,  deposits  of  forests  or 
marsh  growths  buried  in  the  drift. 

h.    JHssolced  Solids. 

Excluding  a  few  compounds  of  exceedingly  doubtful  authen- 
ticity, and  those  of  which  only  traces  are  reported,  the  solids 
in  solution  in  the  artesian  waters  of  Iowa  are  the  following. 

Calcium  bicarlx)nate,  CaH,  (C08)2' 
Magnesium  bicarbonate,  Mg  Hj  (OOj),. 
Sodium  bicarbonate,  NaH  COa. 
Potassium  carbonate,  K,  COg. 
Ferrous  carbonate,  Fe  CO3. 
Magnesium  phosphate,  Mg3(P04)2. 
Sodium  phosphate,  NajH  PC 4. 
Calcium  sulphate,  Ca  SO4. 
Magnesium  sulphate,  Mg  SO 4. 
Sodium  sulphate,  Naj  SO^. 
Potassium  sulphate,  K,  SO4. 
Ferric  oxide,  Fe,  O3. 
Magnesium  chloride,  Mg  CI,. 
Sodium  chloride,  Na  CI. 
Potassium  chloride,  K  CI. 
Silica,  Si  O,. 
Alumina,  Al,  Oa* 

All  of  the  above  compounds  are  directly  or  indirectly 
derived  from  the  constituent  and  accessory  minerals  of  soils 
and  rocks.  Some  are  taken  up  by  the  immediate  decomposi- 
tion of  rocks  under  the  agency  of  precolating  waters.  Others 
result  from  the  interaction  of  minerals  in  solution  in  different 
mineral  waters  when  they  meet,  and  their  reaction  with  chem- 
ical compounds  present  in  the  strata  through  which  they  flow. 
In  these  reactions  and  in  the  solution  of  rocks,  the  absorbed 
gases  which  we  have  already  noted  as  present  in  phreatic  water 

*Ohemical  and  Physical  Geology.    London,  vol.  I,  pp.  240-241, 1864. 
89  O.  Rep. 
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play  an  important  part.  In  pure  water  ordinarj'  limestone, 
for  example,  is  so  slightly  soluble  that  it  has  been  stated  to  be 
insoluble  in  popular  scientific  writings*.  Probably  upwards 
of  5,000  imperial  gallons  would  be  required  to  dissolve  one 
pound  of  limestone.!  But  limestone  is  readily  dissolved  in 
water  saturated  with  carbon  dioxide,  the  maximum  amount 
that  can  be  dissolved  being  0,1  per  cent.  It  has  been  further 
shown  by  Bischof  J  that  water  containing  but  one-tenth  of  the 
carbon  dioxide  required  for  saturation  is  able  to  dissolve  as 
much  calcium  carbonate  as  is  a  saturated  solution,  and  that 
this  amount  of  the  gas  can  be  furnished  to  natural  waters  by 
the  atmosphere  and  soil.  Magnesium  carbonate  is  somewhat 
more  soluble  in  water  saturated  with  carbonic  acid  gas  than 
is  calcium  carbonate,  and  the  experiments  of  W,  B.  and  R.  E. 
Rogers§  have  shown  that  in  water  so  charged  very  many  of 
the  minerals  of  the  crystalline  rocks,  such  as  are  present  in 
the  drift  of  the  state  in  boulders,  pebbles,  sand,  and  rock 
meal  and  flour,  are  decomposed  and  dissolved.  Of  these  may 
be  mentioned  feldspar,  hornblende,  augite,  mica,  chlorite  and 
epidote. 

No  surface  waters,  whether  of  slough,  river  or  lake,  are 
found  which  have  failed  to  attack  rocks  and  soils  and  rob  them 
"of  a  portion  of  their  substance.  The  following  analyses  indi- 
cate the  maxima  and  minima  of  minei-alization  in  the  river 
waters  of  Iowa  according  to  the  exceedingly  limited  data  at 
hand.  The  variations  are  caused  in  part  by  local  diflEerences 
■of  the  country  rocks  of  the  river  basin,  and  in  part  are  due  to 
the  season  and  stage  of  water.  Rivers,  after  the  long 
■drouths  of  summer  are  fed  by  springs,  and  are  naturally  then 
■more  highly  mineralized  than  in  the  spring  floods,  when  fed 
by  rains  and  melting  snows. 

•LeConta.  Kl^ineata  ol  Oeologr.P.  ^I-    New  York. 

tDt.  TbomuOlark.  JournklotSocletjoI  &rta.  IWS. 

t  OhemlcBl  and  rh;alc&l  Oeolog;,  Tol.  IIL  pik  171-lfX.    London,  ISM. 

.1  American  Jourukl  of  Bclencv  and  ArM,  toI.  LV,  p.  401, 1818. 
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MINERAL  ANALYSES  OF   RIVER  WATERS  OP  IOWA. 

The  average  quantity  of  solids  in  solution  in  the  twenty 
samples  of  Iowa  river  waters  whose  analyses  are  reported  is 
15.2  grains  to  the  gallon.  Nearly  50  per  cent  of  this  amount 
consists  of  calcium  carbonate,  and  about  20  per  cent  of  mag- 
nesium carbonate.  Unexpectedly,  the  alkaline  sulphates,  the 
sulphates  of  soda  and  potassa,  prevail  over  the  sulphates  of 
the  alkaline  earths,  the  sulphates  of  lime  and  magnesia. 

Alkaline  carbonates  are  reported  from  but  one  river,  the 
Wapsipinicon.  Sodium  chloride  is  reported  in  minute 
amounts  from  several  rivers,  and  complete  analyses  would  no 
doubt  detect  it  in  the  waters  of  all  rivers  of  the  state.  The 
quantity  of  silica  in  several  analyses  is  unusually  large, 
exceeding  that  of  the  Ottawa*  with  1.442  grains  to  the  gallon 
and  in  the  analysis  of  the  Des  Moines  river  at  Des  Moines 
equaling  the  quantity  of  silica  carried  by  the  Rhine  near 
Strasburg,  according  to  Deville.  t 

With  longer  and  more  intimate  contact  with  the  earth  the 
mineralization  of  natural  waters  increases,  as  is  exhibited  in 
the  following  table  of  the  mineral  constitution  of  nineteen 
shallow  wells  of  the  Chicago  &  Northwestern  railway  and 
fourteen  similar  wells  of  the  Chicago,  Milwaukee  &  Saint 
Paul  railway.  All  these  draw  their  water  from  surface  sands 
and  gravels;  in  no  case  is  glacial  till  or  rock  reported  as  pen- 
etrated. It  will  be  seen  that  the  total  solids  in  solution,  and 
the  carbonates  of  lime  and  magnesia,  average  about  50  per 
cent  higher  than  in  river  waters. 

*Hunt,  Chemical  and  Geological  Essays,  p.  127.    Boston,  1878. 
tBischof,  Chemical  and  Physical  Geology,  vol.  I,  p.  78.    London,  1854. 
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MINERAL.  ANALYSES  OF  WATERS  OF  SHALLOW  WELLS. 

As  ground  water  sinks  from  the  surface  it  encounters,  over 
nearly  the  whole  of  Iowa  and  Minnesota  and  ovej*  the  eastern 
part  of  the  artesian  area  of  intake  in  Wisconsin,  the  forma- 
tion popularly  known  as  the  drift.  Shallow  wells  usually  lie 
in  its  rearranged  sands  and  gravels.  Deeper  wells  are  fed  by 
waters  which  have  percolated  through  one  or  more  of  its 
sheets  of  till.  It  is  composed  for  the  most  part  of  a  hetero- 
geneous mixture  of  boulders,  pebbles,  sands  and  clays,  the 
grindings  of  the  glacial  mills.  Much  of  the  material  is  finely 
triturated ;  much  is  partially  decayed:  so  that  it  is  particularly 
open  to  the  chemical  attack  of  the  water  which  it  receives 
from  rain  and  stream  and  gives  over  to  spring  and  well  and 
the  underlying  rocks. 

In  the  drift  are  represented  rocks  of  all  ages,  from  the 
Archean  to  the  Cretaceous,  and  of  all  kinds,  organic  and 
clastic,  stratified  and  unstratified,  aqueous  and  igneous. 
Thus  the  chemical  constitutents  of  the  drift  are  as  diversified 
as  are  those  of  the  rocks  and  minerals  of  which  it  is  composed. 
Its  waters  are,  therefore,  highly  and  diversely  mineralized, 
and  by  its  springs  and  its  control  over  soils,  it  greatly  increases 
the  mineralization  of  all  surface  and  ground  waters  as  well. 
The  following  table  of  drift  wells  of  the  Chicago  &  North- 
western railway  exhibits  with  approximate  correctness  the 
degree  of  mineralization  of  many  of  our  drift  waters,  but  as 
the  analyses  were  made  solely  for  the  purpose  of  testing  the 
availability  of  the  waters  for  use  in  locomotive  boilers,  they 
can  not  be  expected  to  discriminate  closely,  or  to  set  forth 
the  complete  chemical  constituents  of  the  waters.  It  will  be 
noted  that  these  drift  waters  contain  between  40  and  50  per 
cent  more  solid  ingredients,  than  the  ground  waters  of  the 
shallow  wells,  and  that  the  same  proportion  holds  in  the 
increase  of  the  carbonates  of  lime  and  magnesia. 
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Many  waters  of  the  drift  are  much  more  strongly  mineral- 
ized than  are  any  in  the  table.  This  might  be  expected  since 
the  analyses  are  of  wells  especially  chosen  for  boiler  waters 
on  account  of  their  low  per  cents  of  mineral  ingredients. 
The  following  analyses  exhibit  the  nature  of  the  stronger 
drift  waters  of  the  state.  No.  1,  by  Prof.  L.  W.  Andrews,  of 
Iowa  City,  is  of  the  celebrated  artesian  well  at  Belle  Plaine, 
and  No.  2,  by  Prof.  A.  A.  Bennett,  of  Ames,  of  an  artesian 
well  at  Luzerne. 

GRAIVS  PAB  U.  8.  GALLON. 
HO.  1.  NO.  8. 

Calcium  carbonate 

Calcium  bicarbonate 32.4470 

*      Magnesium  carbonate 13.111  

Magnesium  bicarbonate 23.4476 

Iron  proto  carbonate ....        .735  

Calcium  sulphate 99.946  16  7082 

Magnesium  sulphate 39.270  8.7892 

Sodium  sulphate 6.261  8.9410 

Potassium  sulphate 14.3876 

Sodium  chloride 616  1.9213 

Potassium  nitrate 3.1185 

Iron  salts 2.1841 

Silica 1 112  2.2425 

Alimiina Trace  Traces 

Potassium Trace 

Phosphates  Traces 

Organic  matter — Trace  

Total  solids 160.314  114.1870 

Authority,  R.  E.  Call,  Iowa  Weather  and  Crop  Service,  p.  3.    February,  1892. 

Incomplete  as  are  these  data  of  the  surface  and  ground 
waters  of  the  state,  they  yet  indicate  something  of  the  kind 
and  something  of  the  degree  of  the  mineralization  of  our 
artesian  waters,  even  at  the  beginning  of  their  downward 
journey,  and  before  they  have  reached  the  rocks  of  the  artes- 
ian reservoir.  When  artesian  waters  are  comparable  in  their 
mineralization  with  surface  and  ground  waters,  rather  than 
with  the  waters  of  the  drift,  it  may  be  assumed  that  they 
have  passed  directly  into  the  reservoir  without  percolating 
through  Pleistocene  deposits  of  any  thickness.     To  this  class 
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belong  the  wells  at  Mason  City,  Sabula,  Calmar,  and  several 
wells  at  Dubuque. 

Artesian  water  is  rendered  still  more  complex  in  its  chem- 
ical constitution  in  its  passage  through  the  indurated  rocks 
from  the  area  of  intake  to  the  region  of  the  wells.  The 
degree  of  mineralization  stands  in  direct  ratio  to  the  solubility 
of  the  rocks  with  which  it  meets,  the  distance  which  it  trav- 
erses, and  the  length  of  time  of  its  journey.  It  is  not  an 
accident  that  the  purer  artesian  waters  of  Iowa  are  from  wells 
situated  near  the  northern  border  of  the  state,  and  that  the 
waters  are  especially  strong  in  dissolved  minerals  which  rise 
from  far  below  sea  level,  where  the  circulation  of  under- 
ground waters  may  reasonably  be  held  to  be  most  impeded. 

CLASSIFICATION  OF  ARTESIAN   WATERS. 

Since  the  classification  of  artesian  waters  must  depend  upon 
their  chemical  constituents,  we  may  introduce  here  a  group- 
ing whose  use  will  be  found  convenient  in  the  further  discus- 
sion of  the  subject.  Since  the  time  of  Aristotle  and  Pliny, 
systems  almost  as  many  in  number  as  the  writers  upon  this 
theme  have  been  proposed  for  the  classification  of  natural 
waters.  No  one  of  these  schemes  seems  entirely  adapted  to 
set  forth  plainly  the  facts  under  present  discussion.  Most  of 
them  include  several  groups  of  waters  here  unrepresented. 
Many  of  them  are  expressed  under  a  somewhat  abstruse  termi- 
nology. Names  are  employed  in  special  meanings  apart  from 
their  popular  usage,  and  may  therefore  mislead.  Intricate  in 
their  details,  many  of  these  classifications  require  for  their 
understanding  and  application  more  effort  on  the  part  of  the 
uninitiated  than  the  value  of  the  result  reached  will  perhaps 
warrant.  For  these  reasons  no  attempt  is  made  to  apply  any 
of  these  formal  systems  to  the  deep  waters  of  Iowa.  It  will 
suflBce  if  we  merely  group  these  waters  together  in  accordance 
with  their  common  ingredients.  Under  this  method  of  pre- 
sentation the  groups  are  not  mutually  exclusive,  and  the  same 
7ater  may  be  found  under  several  divisions.  Iowa  mineral 
^aters,  therefore,  fall  into  the  following  classes: 
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1.  Calcic-magnesian  alkaline  waters.  In  this  class  calcium 
and  magnesium  carbonates  are  predominant,  or  .  largely 
present. 

2.  Sodic  alkaline  waters.  These  contain  marked  quantities 
of  sodium  carbonate. 

3.  Saline  waters,  so  named  from  the  presence  of  common 
salt,  sodium  chloride. 

4.  Selenitic  waters,  containing  sulphate  of  lime,  or  gypsum, 
in  its  crystalline  form  known  as  selenite. 

5.  Magnesic  sulphated  waters,  containing  magnesium  sul- 
phate, or  Epsom  salt. 

6.  Sodic  sulphated  waters,  differentiated  by  the  presence 
of  sodium  sulphate,  or  glauber's  salt. 

7.  Chalybeate  waters,  or  those  containing  the  salts  of  iron. 

Before  taking  up  each  of  these  natural  groups  we  may  men- 
tion some  divisions  of  our  deep  waters  based  on  other  qualities 
than  solids  in  solution.  Such  is  the  division  of  natural  waters 
into  thermal  and  non-thermal.  Strictly  speaking,  any  water 
would  fall  into  the  first  class  whose  temperature  was  higher 
than  the  average  annual  temperature  of  the  locality,  and  thus 
all  the  artesian  waters  of  the  state  would  be  thermal  waters, 
since  each  receives  an  increment  of  heat  from  the  strata  lying 
below  the  plane  of  seasonal  and  yearly  variation  in  tempera- 
ture. But  convenience  makes  sensation  of  heat  and  cold  the 
arbiter,  and  draws  the  line  of  demarkation  between  the  two 
divisions  at  70^  Fahr.  Under  this  classification  the  only  ther- 
mal waters  of  Iowa  are  those  of  the  Washington  deep  well, 
whose  temperature  is  reported  at  74^  Fahr. ,  an  abnormal  tem- 
perature for  which  we  cannot  account,  and  the  lower  waters 
at  Glen  wood,  whose  temperature  is  72^*^  Fahr.  Approaching 
the  limits  of  70^  are  the  following  wells. 

Sioux   City "About  70°" 

Homestead 061® 

Classifying  natural  waters  into  gaseous  and  non-gaseous, 
according  to  whether  or  not  they  contain  dissolved  gases 
other  than  those  of  the  atmosphere,  which  are  found  in  all 
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waters  to  which  the  air  has  access,  or  the  same  gases  in 
larger  quantity,  the  former  category  may  be  divided  into  the 
following  classes. 

Carbonated  waters,  containing  carbon  dioxide. 

Carbureted  waters,  containing  carbureted  hydrogen. 

Sulphureted  waters,  containing  hydrogen  sulphide,  sulphu- 
reted  hydrogen. 

Azotized  waters,  containing  free  nitrogen. 

Some  reference  has  already  been  made  to  the  gaseous  ingre- 
dients of  Iowa  waters. 

CALCIC  MAGNESIAN  ALKALINE  WATERS. 

We  have  seen  that  in  the  waters  of  Iowa  rivers  and  shallow 
and  drift  wells,  calcium  carbonate  constitutes  about  one- half 
of  the  total  solids  in  solution,  and  magnesium  carbonate  about 
one-quarter.  These  high  proportions  are  due  largely  to  the 
presence  of  partially  decayed  limestone  particles  in  the  drift, 
proved  by  the  usual  ready  effervescence  of  its  clays  in  acid. 
Artesian  waters  draw  these  salts  also  from  limestones  and 
dolomites,  calcareous  and  calcareo-magnesian  shales  and  cal- 
ciferous  sandstones,  whenever  such  strata  are  traversed  by 
the  courses  of  these  waters.  We  may  therefore  expect  that 
artesian  waters  of  this  class  will  carry  higher  per  cents  of 
these  carbonates  than  are  found  in  surface  and  ground  waters. 
In  the  waters  listed  in  the  accompanying  table  lime  and  magne- 
sian  carbonates  average  nearly  four-fifths  of  the  total  solids  in 
solution  and  range  from  about  fourteen  to  nearly  forty  and 
one-half  grains  to  the  gallon. 
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While  the  average  of  these  carbonates  is  about  twice  that 
in  the  river  waters  gf  the  state,  river  water  occasionally  is 
found— as  the  water  of  the  Des  Moines  at  Dakota  City,  on 
February  12,  1889,  according  to  the  analyses  of  Mr.  George 
M.  Davidson — which  is  harder  with  these  carbonates  than  is 
the  average  artesian  water  of  this  class,  harder  in  fact  than 
any  listed  in  it  with  two  exceptions. 

The  water  of  the  West  Bend  well  is  sharply  distinguished 
by  its  hardness  from  the  others  of  its  class.  It  is  not  a  sand- 
stone water,  as  are  most  of  the  others,  and  its  excess  of  the 
carbonates  is  due  to  the  limestones  through  which  its  flows. 

A  distinct  group  is  formed  by  the  neighboring  wells  of 
Dubuque,  Sabula,  Clinton  and  Monticello.  These  waters  are 
identical  in  the  amount  of  calcium  and  magnesium  carbonates 
they  contain,  and  are  similar  in  the  fact  that  each  carries  more 
or  less  of  sodium  carbonate  and  sodium  sulphate. 

This  class  of  waters  is  surpassed  by  none  other.  As  table 
waters  they  are  of  the  highest  excellence.  In  all  respects 
they  fully  equal  the  celebrated  Waukesha  waters  of  Wiscon- 
sin, and  are  indeed  superior  to  them  in  that  they  are  softer. 
Eight  of  the  most  famous  of  the  Waukesha  springs  average 
24. 17  grains  of  lime  and  magnesium  carbonates  to  the  gallon, 
a  larger  amount  than  that  carried  by  any  of  the  waters  of 
this  class  except  that  of  the  artesian  at  West  Bend. 

At  the  recommendation  of  this  office  some  of  these  waters 
have  recently  been  placed  upon  the  market,  and  we  see  no 
reason  why  with  due  advertisement  of  their  merits  a  large 
export  trade  in  them  may  not  be  secured. 

The  manner  in  which  calcium  and  magnesium  carbonates 
are  held  in  solution  are  of  special  interest.  We  have  seen 
that  these  compounds  are  but  very  slightly  soluble  in  pure 
water.  Were  it  not  for  the  presence  of  carbonic  acid  gas,  all 
our  well  waters  would  be  nearly  as  soft  as  that  of  cisterns. 
The  process  by  which  this  gas  effects  the  solution  of  the  car- 
bonates may  be  conceived  in  two  ways.  The  carbonates 
may  be  considered  either  as  being  held  in  solution  by  the 
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presence  of  free  carbon  dioxide,  or  as  uniting  with  it  forming 
new  and  soluble  compounds,  the  so-called  bicarbonates  of 
lime  and  magnesia.  In  the  first  instance  the  chemist  calcu- 
lates the  amount  of  calcium  carbonate,  and  so  enters  it  in  his 
analyses;  in  the  second  he  reckons  the  amount  of  calcium 
present  as  bicarbonate.  The  latter  method  is  employed  in 
the  official  analyses  of  the  Survey,  but  many  analyses  herein 
published  were  reckoned  in  the  other  way,  and  can  not  now 
be  conveniently  recalculated  with  the  data  at  hand. 

In  either  view  of  the  process  the  amount  of  calcium  car- 
bonate held  in  solution  depends  upon  the  amount  of  carbon 
dioxide  in  the  water.  Under  pressure,  as  in  the  deep  sources 
of  certain  springs,  great  quantities  pf  the  gas  may  be  absorbed 
and  correspondingly  large  amounts  of  calcium  carbonate 
taken  into  solution.  On  the  emergence  of  such  waters  at  the 
surface,  the  carbon  dioxide  escapes  with  the  release  of  pres- 
sure, and  the  calcium  carbonate  is  freely  deposited,  petrifying 
whatever  the  waters  may  touch.  Whenever  by  any  process 
carbon  dioxide  is  removed  from  water,  the  carbonates  of  lime 
and  magnesia  are  thrown  down  as  insoluble  precipitates. 
When  hard  water  is  boiled  in  heater,  steam  boiler  or  tea 
kettle,  and  its  absorbed  gases  are  thus  expelled,  the  carbon- 
ates settle,  forming  the  white — or  reddish,  if  iron  is  present 
— scale,  furring  or  sludge  with  which  every  housewife  and 
engineer  is  too  well  acquainted.  If  we  conceive  of  the  salts 
as  present  in  the  form  of  bicarbonates,  then  we  will  consider 
that  these  compounds  have  been  broken  up  by  boiling,  the 
extra  carbon  and  oxygen  being  returned  to  the  air  as  carbon 
dioxide,  and  the  calcium  and  magnesium  being  precipitated 
as  carbonates  as  before. 

A  frequently  noted  effect  of  the  bicarbonates  so  univer- 
sally present  in  the  ground  and  deep  waters  of  the  state  is  to 
render  the  water  hard.  Since  these  carbonates  are  remov- 
able by  boiling,  such  hardness  is  termed  temporary  or  remov- 
able hardness.  But  hardness  may  be  caused  also  by  other 
minerals  removable  only  by  chemical  means,  and  such  is 
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termed  permanent  hardness.  Hardness  of  either  sort  is  tested 
and  measured  by  means  of  soap.  This  chemical  compound 
of  various  fatty  acids  with  an  alkali  is  decomposed  by  the 
mineral  salts  which  harden  water,  the  fatty  acids  of  the  soap 
combining  with  the  salts  of  the  water  to  form  insoluble  curdy 
compounds.  In  washing  with  hard  water,  sufficient  soap 
must  first  be  destroyed  to  precipitate  the  salts  of  the  water, 
before  any  additional  soap  produces  lather  and  has  its  natural 
effect  as  a  detergent.  The  amount  of  soap  necessary  to 
throw  down  these  salts  and  render  any  water  soft  is  thus 
a  measure  of  the  hardness  of  the  water.  The  oldest  scale 
of  hardness,  and  the  only  ^  one  which  has  been  employed 
upon  Iowa  waters,  is  Clark's  scale.  In  this,  each  degree 
of  hardness  is  determined  by  the  presence  in  every  hun- 
dred imperial  gallons  of  the  waters  of  sufficient  mineral 
salts  to  neutralize  two  ounces  of  the  best  hard  soap.  This  is 
practically  equivalent  to  one  grain  of  calcium  carbonate  to 
the  gallon. ,  Very  few  of  the  waters  of  the  state  have  been 
tested  in  this  respect;  but  a  tolerably  accurate  idea  of  their 
relative  hardness  may  be  obtained  by  noticing  the  amount  of 
the  carbonates  and  sulphates  of  the  alkaline  earths  given  in 
the  analyses.  It  will  thus  be  seen  that  the  waters  of  the  cal- 
cic magnesian  alkaline  class  are  less  hard  than  for  those  of 
any  other  class  of  the  deep  waters  of  the  state.  The  physio- 
logical and  mechanical  effects  of  calcium  and  magnesium 
carbonates  in  waters  will  be  treated  under  another  head. 

SODIC  ALKALINE  WATERS. 

The  ultimate  source  of  sodium  carbonate,  commonly  known 
as  sal  soda,  found  in  artesian  waters,  is  to  be  sought  in  the 
crystalline  rocks,  in  which  alkaline  silicates,  such  as  the  soda 
feldspars,  are  among  the  most  common  of  rock-making  min- 
erals. By  their  decay  are  formed  clay  shales,  which  retain 
something  of  the  original  alkaline  constituents.  T.  S.  Hunt 
has  remarked  the  prevalence  of  sodic  springs  in  argillaceous 
strata,  and  he  explains  the  formation  of  the  carbonate  of  soda 
which  they  contain  by  the  reaction  of  silicate  of  soda  with 
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lime  and  magnesia  carbonates.  Bischof  suggests  also  that  a 
solution  of  sodium  chloride  may  produce  the  same  alkaline 
carbonate  by  reaction  with  carbonate  of  lime. 

The  deeper  strata  of  Iowa  supply  both  means,  both  shales 
and  saline  waters,  yet  sodic  alkaline  wells  are  rare.  Omit- 
ting several  in  which  this  constituent  is  present  in  very  small 
amounts,  the  following  is  the  entire  list. 

SODIUM  OABBONATV, 
TOWN.  OWNEB.  GBAIN8  TO  U.  B.  GALLON. 

Clinton Water  Ck>.  6.628 

CJouncil  Bluffs — .  Asylum  12.155 

Davenport Ice  Co.  12.677 

Davenport Witts  16.446 

West  Liberty Town  38.162 

Glenwood Town.  60.518 

All  these  waters  are  sodie-sulphated  also,  and  their  full 
analyses  are  given  with  the  waters  of  that  class.  All  contain 
common  salt,  but  not  in  amounts  proportional  to  the  soda  they 
carry. 

Calcium  and  magnesium  carbonates  are  poorly  represented. 
Omitting  the  Clinton  wells,  these  salts  average  about  eight 
and  one-third  grains  to  the  gallon,  and  compose  less  than 
eight  per  cent  of  the  total  solids.  Magnesium  sulphate  is 
wholly  absent.  Although  waters  containing  sodium  carbon- 
ates are  natural  solvents  of  silica,  no  notable  excess  of  this 
mineral  is  noticed. 

SALINE  WATERS. 

The  artesian  waters  of  Iowa,  as  well  as  those  of  the  springs, 
are  notable  for  the  absence  of  brines.  The  waters  strongest 
in  salt  are  the  following.  Even  the  most  saline  contain  only 
about  one-fifth  as  much  salt  as  the  Hathom  Springs  of 
Saratoga. 


SALINE   WATEKS. 
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The  following  also  contain  over  ten  grains  of  salt  to  the 
gallon. 

Davenport,  glucose -...- ...— —  28.«)80 

Davenport,  ice  factory — 26.266 

Davenport.  ..-.. 26.175 

Wilton,  city 18.560 

Boone,  No.  1,  city 14.756 

Centerville,  city.  No.  1 13.215 

Ottumwa 11.480 

Jefferson,  city -« 11.004 

Des  Moines,  court  house 10.333 

The  source  of  the  salt  in  these  waters  is  to  be  sought  in 
the  fossil  brines  of  saline  deposits  of  ancient  seas.  The  Silu- 
rian supplies  the  salt  of  the  wells  at  Keokuk,  Fort  Madison, 
Centerville  and  Glenwood  from  strata  probably  equivalent  to 
the  Onondaga  salt  group  of  New  York.  At  McGregor  the 
salt  is  derived  from  a  thin  layer  of  the  Cambrian. 

Salt  water  also  occurs  in  the  strata  of  the  Missourian  stage 
of  the  coal  measures. 

The  composition  of  the  saline  waters  is  complex,  and  they 
rank  among  the  most  hea\'ily  mineralized  waters  in  the  state. 
They  are  particularly  rich  in  the  sulphates.  Calcium  chloride 
and  magnesium  chloride  are  absent. 

SELENITIC  WATERS. 

Calcium  sulphate  is  well  known  in  its  hydrated  form  as 
gypsum,  and  in  the  commercial  product,  plaster  of  Paris, 
derived  from  gypsum  by  the  expulsion  of  two-thirds  of  the 
water  of  crystallization  by  heating.  In  the  form  of  transpar- 
ent, lozenge-shaped  or  tabular  crystals  it  is  known  as  seleuite, 
readily  distinguishable  from  limespar  by  its  softness.  Cal- 
cium sulphate  is  an  ingredient  of  sea  water,  and,  as  it  is  but 
slightly  soluble  in  concentrated  brine,  it  is  the  first  mineral 
to  be  precipitated  when  sea  water  is  evaporated.  It  is  a 
common  accessory  mineral  of  the  sea-laid  sedimentary  strata 
of  the  state.  The  argillaceous  shales  of  the  Devonian,  Car- 
boniferous and  Cretaceous  are  specially  rich  in  gypsum,  and 
the  present    investigation   has  brought  to  light  extensive 
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gypseous  marls  and  limestones  in  strata  of  Silurian  age  prob* 
ably  referable  to  the  Onondaga  salt  group. 

Gypsum  is  readily  soluble;  only  460  parts  of  water  are 
required  to  dissolve  it.  It  is,  therefore,  a  common  constituent 
of  phreatic  waters,  and  on  account  of  its  physiological  and 
mechanical  reactions  it  is  one  of  the  least  desirable.  The 
selenitic  artesian  waters  of  the  state  all  belong  to  the  sul- 
phated  waters  also,  and  their  analyses  will  be  given  with 
others  of  that  class.  The  following  waters  contain  over  ten 
grains  of  calcium  sulphate  to  the  gallon. 

Sanborn,  C,  M  &  St.  P.  Ry 70.080 

Centerville,  No.  2,  city 45.870 

Grinnell,  city 41.100 

Des  Moines,  court  house 34.389 

Colfax,  M.  R.  springs.. 31.759 

Keokuk  Pickle  Co 25.993 

Sioux  City 18.328 

McGregor,  No.  1 17.002 

Keokuk  Poultry  Co 15.834 

Webster  City 15.494 

Washington 14.402 

Dunlap 14.020 

Colfax  O.  M.  C 13.070 

Boone,  city,  No.  1 11.708 

Fort  Madison,  PaperCo 10.217 

It  will  be  noted  that  with  one  exception,  the  well  at 
McGregor,  all  of  these  wells  are  situated  west  of  the  eastern, 
border  of  the  Carboniferous.  Three  of  the  wells,  those  at 
Colfax  and  Des  Moines,  draw  their  water  directly  and  only 
from  strata  of  this  age.  The  wells  at  Fort  Madison,  Keokuk, 
and  Centerville  owe  their  calcium  sulphate  to  the  Silurian, 
and  the  Sanborn  well  probably  to  the  Cretaceous. 

SULPHATED  WATERS. 

Under  this  head  may  be  conveniently  treated  both  the 
waters  which  contain  in  large  or  predominant  quantity  sodium 
sulphate,  and  those  which  contain  magnesian  sulphate  also. 
Sulphate  of  soda  or  Glauber's  salt  occurs  in  gypseous  marls 
and  in  beds  of  rock  salt.     In  many  parts  of  the  world  it  is 
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found  as  an  efflorescence  or  incrustation,  as  on  the  steppes  of 
Russia  adjoining  the  Caspian  sea,  in  Hungary,  and  near 
Bahia  Blanea  in  southern  Argentina.  Its  constituents  are 
present  in  sea  water,  and  it  may,  therefore,  be  expected  in 
strata  which  are  charged  with  the  results  of  the  evaporation 
of  ancient  sea  basins.^  Sodium  sulphate  in  artesian  waters 
may  thus  result  from  direct  solution  of  the  salt  in  sedimentary 
strata,  or  it  may  be  produced  from  the  reaction  of  gypsum, 
sulphate  of  lime,  with  either  silicate  of  soda,  or  carbonate  of 
soda.  The  conditions  for  its  production  are  supplied  by  the 
association  of  gypsum  and  alkaline  marls,  or  by  the  mingling 
of  selenitic  and  sodic  alkaline  waters. 

Sulphate  of  magnesia,  or  Epsom  salt,  occurs  in  nature  as 
an  efflorescence  upon  certain  limestones.  It  is  produced  in 
dolomites  containing  gypsum  by  the  reaction  of  magnesium 
carbonate  and  calcium  sulphate.  In  other  instances  it  results 
from  the  reaction  of  ferrous  sulphate,  formed  from  decompos- 
ing iron  p3^rites,  with  the  magnesium  carbonate  of  magnesian 
limestones. 


*Hunt.  Ohemical  and  Geological  Essays,  p.  105.    Salem,  1H78. 
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Comparing  the  analyses  of  the  two  classes  of  sulphated 
waters  as  given  in  the  accompanying  tables,  the  reader  will 
observe  some  distinct  differences  between  them.  On  the 
whole,  the  sodic  waters  are  less  highly  sulphated  than  the  sodic 
magnesian  waters.  In  the  first  class  magnesium  carbonate  is 
usually  present  and  calcium  sulphate  usually  absent,  In  the 
second  class  the  reverse  obtains,  magnesium  carbonate 
usually  being  absent  and  calcium  sulphate  usually  being 
present.  While  all  except  two  of  the  sodic  sulphated  waters 
rank  below  50  grains  of  all  sulphates  to  the  gallon,  all  except 
four  of  the  sodic  magnesian  waters  rank  above  this  grade. 
While  the  latter  excel  as  medicinal  waters,  the  sodic  waters 
are  distinctly  superior  for  town  supply,  and  indeed  the  best 
of  this  class  should  be  placed  in  the  highest  rank  of  potable 
waters. 

CHALYBEATE    WATERS. 

The  quantity  of  iron  carbonate  in  any  water  necessary  to 
produce  therapeutic  effects  and  to  place  it  in  the  class  of 
chalybeate  waters  is  extremely  small.  The  celebrated  Leuk 
chalybeate  springs  of  Switzerland  contain  but  1.10  grains  of 
ferrous  bicarbonate  to  the  gallon.  The  chalybeate  springs  of 
Missouri  range  as  low  as  .092  grains  to  the  same  measure. 
The  only  artesian  waters  in  Iowa  in  which  iron  carbonate  has 
been  found,  so  far  as  our  analyses  show,  are  the  following. 

IRON  GABBONATE, 
GRAINS   PIR 
TOWN.  U.  8.  GALLON. 

Colfax,  O.  M  C.  springs 670 

Nevada,  town  _.. 473 

Davenport,  Witts  .- .449 

Davenport  Ice  Co. - 406 

Colfax  M.  R.  spring 258 

Glenwood,  town .252 

Ferrous  carbonate  or  bicarbonate,  like  the  carbonates  of 
lime  and  magnesia,  is  held  in  solution  in  natural  waters  by 
carbonic  acid  gas.  On  reaching  the  surface  the  gas  escapes 
and  the  iron  is  precipitated  as  ferric  oxide.  In  this  way  are 
produced  reddish  stains  and  accumulations  in  drinking  ves- 
sels, deposits  of  ochre,  and  brittle,  iridescent  films,  often 
mistaken  for  oil,  on  the  surface  of  springs. 
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Qualities  of  Artesian  Waters. 

The  qualities  here  to  be  considered  are  not  those  belonging 
to  water  itself  in  a  pure  state,  but  those  which  are  produced 
by  the  presence  in  solution  of  various  foreign  ingredients. 
According  to  their  kind  and  amount,  these  ingredients  give 
to  the  water  of  deep  wells  widely  different  reactions  in  sev- 
eral lines,  each  of  which  modifies  the  availability  of  the  water 
as  a  municipal  supply.  These  will  be  treated  in  the  following 
order. 

1.  The  medicinal  qualities  of  artesian  waters,  or  their  ther- 
apeutic reactions  upon  the  human  system  in  the  case  of  spe- 
cific diseases. 

2.  The  wholesomeness  of  artesian  waters,  or  their  phys- 
iological reactions  upon  the  human  system  under  conditions 
of  health. 

3.  The  industrial  qualities  of  artesian  waters,  that  is,  their 
reactions  upon  different  industrial  products  in  process  of  manu- 
facture. Under  this  head  will  be  considered  their  qualities 
as  steam-producing  waters  in  stationary  and  locomotive 
engines. 

THERAPEUTICS   OP  ARTESIAN   WATERS. 

A  large  number  of  the  artesian  waters  of  the  state  may  be 
considered  as  mineral  waters,  using  that  term  in  the  narrower 
sense  as  connoting  those  waters  which  have,  or  are  supposed 
•to  have,  medicinal  effect  upon  the  animal  body  by  reason  of 
their  mineral  ingredients.  The  minerals  dissolved  in  the  deep 
waters  of  Iowa  are  those  which  give  their  efficacy,  their  fame 
and  their  commercial  value  to  many  of  the  celebrated  springs 
of  the  world.  In  degree  of  mineralization  our  stronger  waters 
compare  favorably  with  many  of  the  highest  repute  in  other 
states  and  countries.  The  physiological  effect  of  several  of 
our  waters  is  marked  upon  those  not  accustomed  to  their  use 
even  in  the  small  quantity  of  the  ordinary  daily  ration  in 
health.  Of  many  more,  a  free  use,  such  as  is  usual  in  water 
cures,  is  beneficial  or  curative  in  certain  diseases,  and  in  but 
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few,  if  any  of  these  waters,  is  the  quantity  requisite  to  pro- 
duce the  desired  effect  too  large  for  easy  digestion. 

There  are  two  points  of  approach  to  the  treatment  of  the 
special  therapeutic  qualities  of  Iowa  deep  waters;  the  one  the 
physiological  action  of  the  different  materia  medica  which 
they  contain,  the  other  the  accredited  virtues  of  similar 
waters.  The  former  is  somewhat  diflBcult  for  a  layman,  while 
the  latte  rraises  the  vexed  question  of  the  real  curative  prop- 
erties of  mineral  springs.  Without  question  psychical  factors, 
besides  the  peculiar  qualities  of  the  waters,  enter  into  the  innu- 
merable well  attested  cures  made  by  medicinal  springs.  Rest 
from  routine  and  care,  change  in  climate,  in  altitude,  in  diet 
and  habits  of  life,  these  and  other  concomitants  have  their 
remedial  effects.  Water  itself,  apart  from  the  minerals  it 
may  contain,  is  a  known  therapeutic  agent.  When  freely 
drunk  it  increases  the  action  of  the  kidneys  and  the  rate  of 
removal  of  injurious  products  of  change.  When  taken  hot,  it 
further  acts  as  a  stimulant  to  other  vital  organs  of  the  body. 

After  making  all  these  deductions,  there  still  remains  a 
considerable  component  of  the  cures  made  at  watering  places 
that  must  be  attributed  directly  to  the  medicinal  qualities  of 
mineral  waters.  Clinical  experience  attests  here  the  popular 
belief. 

In  Europe,  where  strong  mineral  waters  are  either  more 
abundant  or  have  been  longer  used,  their  values  have  been 
most  thoroughly  investigated  and  are  more  wideW  appreci- 
ated than  in  America,  where  their  place  is  largely  taken  to 
our  disadvantage  by  deleterious  patent  medicines  of  unknown 
composition. 

CALCIC  AND  MAGNESIC  WATERS. 

The  carbonates  of  lime  and  magnesia  are  antacids  and  the 
latter  salt  is  also  laxative.  It  is  administered  in  doses  of 
from  thirty  to  320  grains.*  Strong  calcic  waters  are  said  by 
Coan  to  be  found  useful  in  cases  of  chronic  diarrhoea,  and 
milder  calcic  waters  in  cystitis. 

*  H.  0.  Woods.    Therapeutics,  p.  757,  9th  Ed.    Phil.,  1891. 
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SODIC  ALKALINE  WATERS. 

The  presence  of  sodium  carbonate  renders  these  waters 
antacids  of  ^reat  value.  In  cases  of  acid  dyspepsia  this  salt 
is  u^  by  L  pn>fession  in  preference  to  Ly  other  altoli, 

and  is  administered  in  doses  of  from  ten  to  twenty  grains, 
amounts  contained  in  one-fifth  to  two-fifths  of  a  gallon  of  the 
Glenwood  water.  Waters  of  this  class  when  freely  taken 
render  the  urine  alkaline,  and  possibly,  though  not  demon- 
strably, other  secretions  also.  They  are  indicated  in  several 
affections  of  the  bladder.  They  are  prescribed  also  for  bron- 
chial and  nasal  catarrhs,  and  catarrhal  conditions  of  the 
digestive  organs,  since  they  act  beneficially  on  the  secretions 
of  the  mucous  membrane  by  making  them  more  fluid.  They 
are  indicated  also  in  gout,  obstructions  of  the  gall  ducts  and 
in  hyperemia  of  the  liver;  but  are  forbidden  in  anaemia,  con- 
sumption, and  inflammations  and  lesions  of  the  vital  organs. 
During  treatment  the  use  of  acidulous  fruits  is  injurious,  in 
that  it  counteracts  the  alkaline  effect  of  the  waters.  Long 
continued  or  excessive  use  of  strong  waters  of  this  class  tends 
to  deplete  the  blood  and  impair  digestion. 

While  the  sodic  alkaline  waters  of  Iowa  are  weak  compared 
with  several  of  the  sodic  springs  of  Europe,  such  as  Vichy 
and  Ems,  which  carry  respectively  319  grains  and  129  grains 
to  the  gallon,  yet  they  compare  very  favorably  with  waters 
of  the  same  class  in  the  eastern  United  States.  In  Peale's 
Mineral  Waters  of  the  U.  S.,  Washington,  1886,  onlj^  eighteen 
localities  are  mentioned  east  of  the  Missouri  river  the  waters 
of  whose  springs  contain  over  ten  grains  of  sodium  carbonate 
to  the  gallon.  Five  of  the  artesian  waters  of  Iowa  exceed 
this  amount  and  two  go  far  beyond  it.  The  Glenwood  well 
with  fifty  grains  to  the  gallon  is  surpassed  in  this  respect  by 
but  three  springs  in  the  territory  named,  the  Geyser  Spouting 
springs  of  Saratoga,  N.  Y. ;  the  Saint  Louis  Magnetic  springs 
of  Missouri,  and  the  Vichy  springs  of  Owatonna,  Minn. 
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SALINE  AND  SELENITIC  WATERS. 

Saline  waters  stimulate  the  secretions  of  the  digestive  tract, 
and  are  said  to  be  valuable  in  flatulent  dyspepsia  and  some 
other  diseases.  None  of  the  waters  of  the  state  contain  salt 
to  a  degree  even  approaching  the  limit  of  potability.  Their 
weakness  in  this  respect  is  seen  by  comparing  the  most  saline 
water  in  the  state,  that  of  Glenwood,  containing  106  grains  of 
salt  to  the  gallon  with  true  saline  springs,  such  as  the  Con- 
gress at  Saratoga  and  the  Artesian  Lithia  of  Ballston  Spa,  N. 
Y. ,  which  carry  respectively  400  and  750  grains  of  this  ingre- 
dient to  the  gallon.  As  the  normal  daily  ration  for  an  adult 
is  some  300  grains  of  salt,  no  ordinarj^  potations  of  our  deep 

waters  will  so  increase  it  as  to  affect  health.     Selenitic  waters 
are  said  to  be  laxative  when  used  freely. 

SULPHATED  WATERS. 

The  characteristic  constituents  of  these  waters  are  the  sul- 
phates of  magnesia  and  of  soda,  well  known  as  Epsom  anp 
Glauber's  salts,  each  a  most  active  hydrogogue  cathartic  in 
the  doses  usually  administered.  On  account  of  harsher 
action  and  more  nauseous  taste,  Glauber's  salt  is  but  little 
used  in  medical  practice  upon  the  human  subject. 

In  no  analyzed  deep  water  of  the  state  are  the  solutions  of 
these  salts  so  concentrated  as  to  be  more  than  mildly  laxative 
when  taken  in  considerable  quantity.  Sulphated  waters  are 
alkaline  in  their  reaction  and  are  indicated  in  dyspepsia 
accompanied  by  an  excess  of  acid  in  the  digestive  tract,  and 
in  chronic  catarrh.  They  are  sometimes  recommended  in 
constipation  and  are  said  to  be  often  serviceable  in  diabetes. 
Since  they  aid  in  the  oxidation  of  fat  and  reduce  the  weight 
of  the  body  they  are  prescribed  for  the  reduction  of  obesity, 
for  gout,  scrofula,  rheumatism,  diseases  of  the  liver,  and,  in 
general,  for  diseases  caused  by  over-feeding.  Contra  indica- 
tions are  poverty  of  the  blood,  weakness  of  the  constitution, 
and  inflammation  and  lesions  of  the  lungs  and  heart. 
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CHALYBEATE  WATERS. 

We  have  seen  that  the  amount  of  ferrous  bicarbonate 
necessary  to  give  water  a  distinct  therapeutic  value  is  very 
smalL  Even  in  such  quantities  of  a  fraction  of  a  grain  to  a 
gallon  as  obtain  in  several  Iowa  \yells  it  may  be  expected  to 
produce  its  customary  effect  upon  the  human  system.  Its 
physiological  function  is  well  known  in  reinforcing  the  red 
corpuscles  of  the  blood.  Chalybeate  waters  are  indicated 
in  conditions  of  depleted  blood  and  enfeebled  constitution, 
and  the  many  chronic  and  nervous  diseases  that  result  there- 
from. 

CARBONATED   WATERS. 

Carbonic  acid  gas  is  regarded  as  a  mild  stimulant,  aiding 
digestion  and  slightlj^^  increasing  peristalsis  and  diuresis.  It 
occurs  in  several  of  the  mineral  waters  of  the  state,  and  can 
be  artificially  added  with  little  expense  to  any  waters  bottled 
for  export. 

THE  WHOLESOMENESS  OF  ARTESIAN  WATERS. 

The  healthfulness  of  any  drinking  water  is  in  inverse  ratio 
to  its  medicinal  value.  It  is  a  plain  fact  that  medicines  good 
for  a  sick  man,  while  he  is  sick,  are  not  good  for  a  well  man 
as  a  constant  diet. 

The  most  strongly  mineralized  waters  of  the  state,  espe- 
cially those  containing  the  various  sulphates  in  large  quanti- 
ties, cannot  be  said  to  be  wholesome  for  daily  use;  nor  can 
they  be  recommended  for  water  supply,  when  less  heavily 
mineralized  waters  are  available.  At  the  same  time,  it  must 
be  admitted  that  no  artesian  water  in  Iowa  is  condemned  by 
the  experience  of  the  physicians  of  the  town,  so  far  as  that 
has  been  gathered.  In  but  few  instances  has  any  water  been 
pronounced  unwholesome  in  anj^  respect  by  a  physician,  and 
in  these  instances  his  judgment  usually  contravenes  that  of 
others  of  the  same  profession.  The  evidence  of  the  fraternity 
to  the  physiological  effects  of  several  of  the  worst  waters 
has  already  been  given.     But  this  evidence  is  incomplete  for 
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diflferent  reasons.  In  several  cases  the  wells  have  been 
drilled  so  recently  that  time  has  not  been  given  for  any 
adequate  test.  Families  owning  private  wells  to  whose  water 
they  have  become  accustomed,  are  slow  to  change  to  the  city 
water,  requiring  artificial  cooling,  unless  the  hygienic  super- 
iority of  the  latter  is  clearly  proven;  and  so  it  is  usually  the 
case  that  city  artesian  water  of  the  stronger  kinds  is  drunk 
by  but  a  small  proportion  of  the  citizens.  The  disorders  of 
the  system  expected  to  result  from  the  use  of  such  waters  are 
often  obscure,  tardy  in  their  development,  and  may  be  attrib- 
uted to  other  causes.  Moreover,  the  common  well  water  to 
which  the  population  has  become  habituated,  may  be  similar 
in  mineral  character  to  that  of  the  artesian  well  and  equally 
unwholesome.  The  evidence  of  physicians,  while  of  great 
value,  is  largely  based  upon  impressions  instead  of  upon 
statistics  gathered  for  a  series  of  years  and  embracing  large 
populations.  For  these  reasons  the  experimental  evidence,  so 
far  as  it  is  before  us,  cannot  be  said  to  be  at  all  conclusive, 
and  we  revert  to  the  general  principle  of  the  essential  differ- 
ence between  medicine  and  food.  Certainly  waters  are  not 
wholesome  which  are  so  strong  in  Glauber's  salt,  Epsom  salt, 
arid  sulphate  of  lime,  that  they  are,  when  first  used,  distinctly 
laxative  in  ordinary  rations,  especially  \^hen  this  effect  is 
afterward  followed  by  constipation.  Such  waters  should  be 
taken  with  strict  reference  to  the  materia  niedioa  they  contain, 
and  they  should  be  discontinued  in  time  to  avoid  the  well 
known  "crises  "  which  attend  the  prolonged  use  of  medicinal 
waters.  In  certain  conditions  of  the  system,  to  certain 
diatheses,  they  may  be  tolerable  or  beneficial;  but  they  can- 
not be  considered  a  wholesome  water  suppl)^. 

HARDNESS    OF   WATER. 

Apart  from  the  healthf ulness  of  laxative  sulphated  waters, 
there  remains  the  question  of  the  healthf  ulness  of  hard  water 
in  general. 

In  most  localities  in  Iowa  the  selection  of  a  public  water 
supply  involves  a  choice  between  waters  of  considerable  or 
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exfei'eme  hardness,  and  waters  which  relatively  may  be  said  to 
be  soft.  In  this  selection  the  factors  of  purity,  adequacy,  and 
expense  will  usually  carry  most  weight,  but  the  element  of 
the  relative  wholesomeness  of  hard  and  soft  water  should 
always  be  considered  and  sometimes  should  be  decisive. 
Unfortunately  sanitarians  have  been  divided  by  mde  differ- 
ences of  opinion  upon  this  subject.  As  to  the  wholesomeness 
of  soft  water,  there  never  has  been  any  dispute.  Its  great 
solvent  power,  its  freedom  from  constituents  whose  healthful- 
ness  might  not  be  held  as  demonstrated,  place  it  above  sus- 
picion and  lead  to  its  prescription  in  the  sick  room.  But  the 
wholesomeness  of  hard  waters  has  often  been  questioned,  and 
medical  authorities  are  not  yet  agreed  as  to  the  physiological 
effects  of  waters  of  certain  kinds  and  degrees  of  hardness. 

On  the  one  hand,  hard  waters  have  been  claimed  to  be  even 
superior  to  soft,  in  that  their  lime  salts  contribute  to  the 
growth  and  nutrition  of  the  body.  French  and  Austrian  com- 
missioners have  reported  that  hard  water  districts  in  these 
countries  supplied  conscripts  of  larger  stature,  of  stronger 
bones,  and  of  better  form.  This  claim  is  now  disallowed  by 
the  consensus  of  medical  opinion.  Many  common  kinds  of 
food  furnish  for  the  building  and  renewal  of  bone  tissue  cal- 
careous material  in*  a  far  more  available  form  than  the  lime  of 
water,  and  in  excess  of  any  possible  demand. 

On  the  other  hand,  the  hardness  of  drinking  water  has  been 
held  responsible  for  grave  diseases:  goitre,  cretinism,  calcu- 
lus, antemia,  dyspepsia,  diarrhoea  and  various  disturbances  of 
the  digestive  organs.  If  this  were  true,  the  hardness  or  soft- 
ness of  the  water  supply  should  affect  the  death  rate  of  ciiies 
to  a  degree  perceptible  in  large  aggregates.  The  investiga- 
tions on  this  line  of  evidence  by  the  rivers  pollution  commis- 
sioners of  Great  Britain  were  unusually  complete,  and  the 
following  table  summarizes  the  result  as  applied  to  the  cities 
of  the  United  Kingdom:* 

*  6th  Rept.  Rivers  Poll.  Comm..  p.  104     London.  1876. 
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Certainly  this  summary  does  not  support  the  claim  that  hard 
water  is  unwholesome.  Nor  does  it  prove,  as  it  appears  to  do, 
that  hard  water  is  superior  to  soft.  Other  causes  affecting 
public  health  are  so  potent  that  their  effects  mask  that  due  to 
the  mineralization  of  water  supply.  It  will  also  be  noticed  that 
none  of  the  maxima  mentioned  are  waters  of  extreme  hard- 
ness from  the  point  of  view  of  this  discussion,  although  such 
watera  are  doubtless  included  in  class  III.  AH  of  the  four 
classes  embrace  waters  which  would  here  be  popularly  called 
soft.  The  least  hard  London  water  is  that  taken  from  the 
Thames  and  Lea  rivers,  and  the  hardest,  drawn  from  deep 
chalk  wells,  is  comparatively  unobjectionable  because  its 
hardness  is  due  almost  wholly  to  carbonate  of  lime.  The 
conclusion  of  the  commissioners  may  be  stated  in  the  words 
of  De  Ranee,*  ''  Where  sanitary  conditions  prevail  with  equal 
uniformity,  the  rate  of  mortality  is  practically  uninfluenced 
by  the  degree  of  mineralization." 

Falling  back  upon  the  experience  of  physicians,  we  find  in 
evidence  a  mass  of  statements  more  or  less  conflicting. 
Goitre,  for  example,  has  been  defined  as  "a  specific  affection 
of  the  thyroid  gland,  induced  by  the  persistent  use  of  water 
that  has  percolated  through  magnesian  limestone  rocks  or 
strata  containing  the  soluble  salts  of  lime  in  solution."  t  Yet 
this  view  of  the  cause  of  goitre  may  be  said  to  be  now  obsolete 
or  obsolescent,  investigations  in  several  countries  having 
showed  that  the  disease  is  not  confined  to  districts  of  lime- 
stone whether  magnesian  or  non-magnesian. 

*  Water  Supply  of  England  and  Wales,  p  41.    Loadon,  1882. 

t  Aitken,  Science  and  Practice  of  Medicine,  6th  Ed.,  vol.  II.  p.  638.    1872. 
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In  the  case  of  calculus  diseases,  the  evidence  against  hard 
waters  as  their  cause  is  sufficient  at  least  to  direct  suspicion. 
Testimony  was  before  the  rivers  pollution  commissioners 
showing  that  in  the  opinion  of  eminent  physicians  a  marked 
diminution  of  cases  of  urinary  calculus  followed  the  change 
from  hard  water  to  soft  in  several  large  cities  and  public  insti- 
tutions. * 

Dr.  E.  A.  Parkes,t  after  referring  to  the  popular  opinion 
that  drinking  lime  waters  gives  rise  to  calculi  and  stating  that 
"several  medical  writers  held  the  same  opinion  and  have 
adduced  individual  instances  of  calculi  being  apparently  caused 
by  hard  waters  and  cured  by  the  use  of  soft  or  distilled  water, " 
goes  on  to  say  that  so  far  as  he  knows  "  statistical  evidence 
on  a  large  scale  is  wanting. ' '  Among  recent  authorities  in 
hygiene  who  regard  the  evidence  against  hard  water  as  the 
cause  of  calculi  as  insufficient  or  unreliable  are  Rohe,i  and 
Coplin  and  Be  van.  ^ 

There  is  a  substantial  agreement  among  experts  that  cal- 
cium sulphate  is  the  deleterious  ingredient  of  hard  water, 
rather  than  calcium  carbonate.  Of  the  latter  Dr.  L.  C. 
Parkes!  says:  ''Waters  cantaining calcium  carbonate  in  solu- 
tion, the  temporarily  hard  waters,  are  not  in  any  way  injurious 
to  health,"  Of  the  former  the  same  author  remarks: 
"Waters  with  permanent  hardness  exceeding  7^  or  8-^  (Clark's 
scale)  often  cause  dyspeptic  symptoms  and  diarrhoea,  espe- 
ciall)^  amongst  those  who  are  not  used  to  them." 

The  following  extracts  from  the  evidence  before  the  rivers 
pollution  commissioners  are  quoted  at  length  because  of  their 
interest,  weight,  and  direct  bearing  upon  the  wholesomeness 
of  the  deep  waters  of  Iowa,  and  also  on  account  of  the  fact 
that  the  reports  of  the  commissioners  are  inaccessible  to  the 
majoi'ity  of  our  readers. 

*  Fourth  Rept.  Blvors  Pollution  Ck>znm,  vol.  II,  pp.  183-103.    London,  1868. 

t  Manual  of  Practical  Hygiene,  5th  Ed.,  p.  42.    London.  187H. 

t  Text- Book  of  Hygiene.    Baltimore,  1885. 

9  Practical  Hygiene,  p.  193.    Philadelphia,  189H. 

I  Hygiene  of  Public  Health,  p.  66.    Second  Ed.,  Am.  Ed.    Philadelphia.  1880. 
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Dr.  Francis  Ogston,*  medical  officer  of  health  of  Aber- 
deen: "  I  am  positive  that  soft  water  is  preferable  to  hard. 
Hard  water  generally  produces  bowel  complaints,  principalh' 
diarrhcjea." 

Dr.  John  Sutherland,  of  Liverpool : t  '  'In  certain  susceptible 
constitutions  *  *  *  the  hard  water  tends  to  produce  visceral 
obstructions;  it  diminishes  the  natural  secretions,  produces  a 
constipated  or  irregular  state  of  the  bowels  and  consequently 
deranges  the  health.  I  have  repeatedly  known  these  com- 
plaints to  vanish  on  leaving  the  town  (Liverpool)  and  to  reap- 
pear immediately  on  returning  to  it,  and  it  was  such  repeated 
occurrences  which  fixed  my  attention  on  the  hard  selenitic 
waters  of  the  New  Red  Sandstone  as  the  probable  cause,  as  I 
believe,  of  these  affections. ' ' 

Dr.  Leech  of  Glasgow:  "The  comparative  value  of  the 
new  soft  supply  over  the  old  hard  supply  has  been  a  matter  of 
discussion  at  the  Glasgow  Southern  Medical  Society,  of  which 
I  was  president  two  years  ago.  It  was  the  unanimous  opinion 
of  the  medical  profession  that  great  benefits  of  a  sanitary  kind 
had  followed  on  the  substitution  of  the  soft  water.  *  *  * 
So  far  as  experience  has  gone  my  own  opinion  is  that  dyspep- 
tic complaints  have  become  diminished  in  number,  i 

Prof.  John  Thomas  Way:§  "I  do  not  attach  anything 
one  way  or  the  other  to  the  question  of  health,  that  is  to  say, 
where  the  hardness  is  in  moderation,  where  carbonate  of  lime 
is  the  hardening  ingredient;  but  when  j^ou  have  water  with 
eighty  or  ninety  grains  of  sulphate  of  lime  in  a  gallon  [sixty- 
seven  or  seventy-five  grains  in  U.  S.  standard  gallon]  as  you 
sometimes  have,  that  is  another  question  entirely. 

The  following  report  was  in  evidence  of  the  commissioners 
appointed  to  investigate  the  quality  of  the  water  available  for 
the  supply  of  London.  The  hardness  of  the  London  supply 
has  already  been  given.     "It  may  be  safel)^  stated  that  no 

•  Fourth  Rept.  Blv  Poll.  Oomm.,  vol.  II,  p.  180.    London,  1888. 
t  Sixth  Report  Blv.  Poll.  Comm  .  p.  184.    1870. 
i^Ibld,  p.  185. 
« Ibid,  p.  18ft. 

31  G.  Rep. 
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sufficient  grounds  exist  for  believing  that  the  mineral  contents 
of  the  water  supplied  to  London  are  injurious  to  health.  *  * 
The  only  observations  from  which  an  interference  of  the  lime 
in  water,  in  deranging  the  processes  of  digestion  and  assim- 
ilation in  susceptible  constitutions  has  been  conjecturally 
inferred,  have  been  made  upon  waters  containing  much  sul- 
phate of  lime  or  magnesia  *  *  *  or  the  hard  selenitic  water 
of  the  New  Red  Sandstone,  and  have  no  force  as  applied  to 
the  Thames,  and  its  kindred  waters  as  the  earths  exist  in 
these  principally  in  tlie  form  of  carbonates."* 

Dr.  E.  A.  Parkes,  F.  R.  S.  :t  "I  do  not  think  with  regard  to 
pure  chalk  water  that  there  is  evidence  that  a  moderate 
amount  of  carbonate  of  lime  in  the  water  does  any  harm. 
Certainly  not  on  a  large  scale;  in  some  individuals  it  pro- 
duces indigestion.  I  think  that  that  degree  of  hardness  (16- 
or  20°  Clark's  scale)  would  be  certainly  prejudicial.  I  think 
that  very  probably  it  might  disagree  with  a  great  many  per- 
sons, but  supposing  it  reached  to  eight,  or  ten  or  twelve 
degrees  of  hardness  from  carbonate  of  lime  it  might  be  con- 
sidered probably  good  water  as  far  as  that  was  concerned,  but 
I  should  draw  a  marked  distinction  between  that  and  the 
hardness  arising  from  sulphate  of  lime,  or  sulphate  of  mag- 
nesia, or  chloride  of  calcium,  which  would  certainly  disagree 
in  much  smaller  quantities;  so  that  the  goodness  of  water  for 
drinking  purposes,  I  would  estimate  according  to  its  tempor- 
ary hardness.  With  fifteen  or  sixteen  degrees  of  carbonate 
of  lime  hardness,  I  should  say  that  it  would  be  hard  water, 
and  with  some  pereons  it  would  disagree  and  produce  dyspep- 
sia. I  think  it  should  not  exceed  ten  or  twelve  degrees  if 
possible.  At  the  same  time  I  should  wish  to  state  that  one  • 
would  prefer  water  free  from  even  that  if  it  were  possible  to 
get  it." 

On  the  other  hand  Sir  Dr.  Benjamin  Brodie,  Bart.,  profes- 
sor of  chemistry,  Oxford  university,  t  testified  that  he  had  no 

♦Ibid,  p.  185. 
+Ibl<1,  pp.  189-190. 
$lbld.  p.  191. 
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reason  to  think  that  the  use  of  hard  or  soft  water  as  a  drink- 
ing water  produces  any  difference  of  effect  upon  health. 

Prof.  William  Allen  Miller,  M.  D.,  F.  R.  S.,*  professor  of 
chemistry,  King's  college,  inclined  toward  the  same  view. 
''Chalk  waters,  I  consider,  are  waters  perfectly  wholesome^ 
but  waters  which  have  a  similar  degree  of  hardness  from  sul- 
phate of  lime,  there  appears  to  be  some  reason  to  believe,  are 
found  occasionally  to  disagree  with  persons.  Still,  there  are 
waters  which  are  supplied  to  large  populations  containing 
sulphate  of  lime  and  very  hard  sulphate  of  lime  water.  For 
instance  the  populations  of  Wolverhampton  and  Birmingham 
are  supplied  with  waters  of  this  kind.  It  is  certainly  objec- 
tionable, but  what  I  was  going  to  say  was  that  the  evidence 
in  that  case  is  that  there  is  no  sensible  injury  to  health 
directly  traceable  to  the  water  as  far  as  observation  goes." 

The  conclusion  of  the  royal  commissioners  is  expressed  as 
follows: 

' '  On  the  alkged  influence  of  the  hardnesa  of  ioat£r  upon  health. — 
The  question  of  the  comparative  wholesomeness  of  soft  and 
hard  waters  has,  for  many  years  past,  received  the  attention 
of  the  highest  medical  and  chemical  authorities.  The  general 
result  appears  to  be  that  whilst,  on  the  one  hand,  opinions 
have  differed  considerably  as  to  the  wholesomeness  of  hard 
water,  on  the  other  there  has  been  and  dow  is  an  almost  com- 
plete unanimity  as  to  the  wholesomeness  of  soft  water,  "t 

We  add  a  few  extracts  from  recent  authorities  which  show 
that  these  doubts  and  differences  of  opinion  have  not  become 
resolved  at  the  present  time. 

Dr.  Thomas  Stevenson,  F.  R.  C.  P.,i  of  London,  writes  as 
follows: 

"  It  is  now  generally  accepted  that  excessively  hard  waters 
are  injurious  to  the  digestive  processes,  though  proof  of  this 
is  difficult  and  the  conclusion  has  been  doubted.  All  are 
agreed  that  where   the  hardness  of    water  is  due  to  the 

*Ibtd,  pp.  191-193. 

•  Ibid.  p.  184. 

*  Stevenson  and  Murphy,  Treatise  on  Hygiene,  Amer.  Ed.    Phil.,  1R93. 
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presence  of  carbonate  of  calcium,  and,  to  a  lesser  degree,  of 
carbonate  of  magnesium,  i.  e.^  where  the  hardness  is  tem- 
porary and  removable,  little  harm  ensues;  but  that  when  the 
hardness  is  permanent,  and  due  to  the  presence  of  the  sul- 
phates, nitrates  and  chlorides  of  calcium  and  magnesium  the 
dietetic  value  of  a  water  is  greatly  impaired.  How  far  this 
opinion  is  based  upon  a  solid  basis  of  facts  is  at  least  uncer- 
tain. The  waters  of  the  valley  of  the  River  Trent  and  very 
many  of  those  derived  from  wells  and  springs  in  the  New  Red 
Sandstone  formation,  are  intensely  seleniferous,  L  e.j  abound 
in  sulphate  of  calcium,  and  yet  are  not  generally  considered 
harmful.  Some  of  our  town  supplies  as,  e.  g.^  those  of  Bristol 
and  Sutherland  are  very  hard,  the  water  supply  to  Sutherland 
containing  magnesia  and  sulphates  the  equivalent  of  fourteen 
grains  anhydrous,  and  twenty-eight  grains  crystallized  sul- 
phate of  magnesia  per  gallon  [imperial],  yet  the  medical 
oificer  of  health  has  not  been  able  to  trace  any  inconvenience 
to  health,  much  less  disease,  to  its  use,  and  it  is  believed  to 
be  a  good,  wholesome  water,  though  having  a  hardness  of 
25  ." 

"Limestone  water,"  says  Dr.  W.  M.  Johnson,*  "may  pro- 
duce temporary  disturbances  of  the  bowels,  but  is  wholesome. 
Carbonate  and  sulphate  of  lime  and  magnesia  in  solution  are 
more  cathartic,  but  not  so  much  so  as  selenitic  waters  which  . 
contain  an  excess  of  sulphate  of  lime." 

Coplin  and  Bevan  conclude  that  sufficient  evidence  is  want- 
ing in  proof  that  hard  water  gives  rise  to  disturbances  of  the 
digestion  and  other  diseases.  + 

Rohe  states  that  "it  is  undoubtedly  true  that  calcareous 
waters  produce  gastric  and  intestinal  derangements  in  those 
unaccustomed  to  their  use.":|: 

Prof.  William  Riply  Nichols,  §  professor  at  the  Massachusetts 
Institute  of  Technology,  and  author  of    perhaps  the  best 

*  Pepper's  System  of  Medicine,  vol.  II,  p.  878.    Phil.,  1885. 
t  Practical  Hygiene,  p.  108    Phil.,  1883. 

X  Text-book  of  Hygiene     Baltimore,  1888. 

•  Water  Supply,  pp.  18  and  14.    N.  T.,  1888. 
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manual  of  water  supply,  considered  from  a  chemical  and 
sanitary  standpoint,  says:  "  It  appears  that  distilled  waters, 
soft  surface  water,  and  moderately  hard  spring  or  well  water, 
are  all  wholesome  and  may  be  drank  without  inconvenience 
by  persons  accustomed  to  their  use.  It  is,  however,  true 
that  a  person  who  is  in  the  habit  of  drinking  a  soft  water 
generally  experiences  some  derangement  of  the  digestive 
organs  on  beginning  to  use  hard  water,  and  vice  versa.  *  * 
It  is,  however,  the  result  of  general  observation  that  a  hard 
water  of  which  the  hardness  is  due  to  salts  of  magnesia,  or 
to  sulphate  of  lime,  is  not  well  suited  for  drinking  and  is 
injurious  to  most  persons." 

INDUSTRIAL  QUALITIES   OF  ARTESIAN  WATERS. 

In  many  industries  the  quality  of  the  water  is  of  special 
importance.  Chalybeate  water,  for  example,  can  not  be  used 
in  the  manufacture  of  fine  papei*s  on  account  of  the  stains 
which  it  is  liable  to  produce.  Soft  water  is  often  preferable 
to  hard;  as  in  sugar  refineries,  where  its  employment  effects 
a  saving  in  parchment  used  in  osmosis  and  an  increase  in  the 
rendering  of  the  waters  of  diffusion;  in  the  manufacture  of 
extracts;  and  in  laundries  for  the  obvious  economy  of  soap. 

Artesian  water  is  particularly  valuable  in  several  manufac- 
tures on  account  of  its  organic  purity.  It  is  specially  adapted 
for  the  supply  of  ice  factories  in  that  its  freedom  from  malig- 
nant bacteria  renders  the  ice  formed  from  it  entirely  safe  for 
use  in  any  manner.  On  the  other  hand,  as  Drown*  has  shown, 
in  the  freezing  of  entire  masses  of  water  there  is  liable  to  be 
an  objectionable  concentration  of  the  mineral  ingredients  in 
the  portion  of  each  block  last  frozen.  The  brewer  also  prizes 
artesian  water  highly,  for  it  carries  no  bacilli  to  interfere 
with  those  of  his  own  cultures.  For  the  use  of  paper  mills  it 
is  superior  to  stream  water,  other  things  being  equal,  since  it 
is  not  subject  to  floods  and  times  of  turbidity. 

•The  Purification  of  Water  by  Freezing.    Jour.  New  Eng  Water  Wks.,  Assoc,  vol.  VIII, 
No.  1,  pp.  4S-52. 
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ARTESIAN  WATER    AS  A  BOILER  SUPPLY. 

The  availability  of  any  water  for  municipal  use  depends  in 
part  upon  its  qualities  as  a  steam  water.  In  villages  in  which 
there  are  no  large  manufacturing  plants,  this  factor  may  be 
omitted  from  consideration,  but  it  can  not  be  neglected  in 
towns  which  are  already  manufacturing  centers  and  whose 
progress  depends  upon  the  development  of  manufacturing 
industries.  In  towns  of  the  latter  class  the  use  of  a  poor 
boiler  water  involves  a  direct  financial  loss,  which  is  either 
borne  by  the  consumer,  or  by  the  water  company  through  the 
reduction  of  revenue  from  mills  and  factories  which  have 
been  compelled  to  seek  an  independent  supply.  Instances 
could  be  cited  in  which  this  loss  of  revenue  has  been  largely 
influential  in  moving  water  companies  to  change  their  supply 
to  softer  waters. 

The  discussion  of  the  topic  at  this  place  is  pertinent  also 
from  the  fact  that  a  number  of  artesian  wells  have  been 
drilled  for  no  other  purpose  than  for  boiler  supply.  These 
are  especially  numerous  in  the  northern  counties  of  the  state, 
in  which  seven  artesians  have  been  drilled  by  the  Chicago, 
Milwaukee  &  Saint  Paul  Railway  Co. ,  for  the  supply  of  the 
locomotives  of  that  line. 

Watera  of  extreme  hardness  are  unsuitable  for  boilers, 
although  their  use  for  this  purpose  is  often  unavoidable.  By 
the  evaporation  of  such  waters  in  boilers  various  minerals 
held  in  solution  are  thrown  down,  forming  deposits  termed 
incrustation,  scale,  furring,  or  scurf.  The  chief  scale-forming 
minerals  are: 

1.  Calcium  sulphate. 

2.  Calcium  carbonate. 

3.  Magnesium  carbonate. 

Of  less  importance  are  alumina,  silica  and  the  salts  of  iron. 
The  other  minerals  usuall)^  present  in  deep  waters  are  readily 
soluble,  and  do  not  contribute  to  the  formation  of  scale 
except  after  chemical  recombination.  Magnesium  sulphate 
is  often  reckoned  as  a  scale-forming  mineral  and  is  in  our 
tables  included  among  the  incrusting  solids. 
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The  amount  of  deposit  which  may  accumulate  in  a  boiler  in  a 
few  weeks  is  much  larger  than  one  would  suppose.  A  boiler  of 
100  horse  power,  for  example,  will  evaporate  30,000  pounds  of 
water  in  ten  hours,  or  390  tons  per  month.  If  the  water  used 
were  of  the  character  of  the  Kent  artesian  well,  whose 
incrusting  solids  amount  to  42.140  grains  per  gallon,  the 
incrusting  deposits  produced  in  this  period  would  weigh  over 
560  pounds. 

But  the  gross  weight  of  scale  is  one  of  the  least  of  its  evils, 
as  will  be  seen  if  the  manner  of  its  formation  is  considered. 
When  feed  water  which  has  not  been  previously  treated 
enters  the  boiler,  carbon  dioxide  is  expelled  by  the  heat  and 
calcium  and  magnesium  carbonates  are  at  once  precipitated. 
Thus  the  feed  pipe  is  furred,  obstructed,  and  at  last  entirely 
choked.  Most  of  the  precipitate  however,  is  thrown  down  in 
the  boiler,  as  a  fine  insoluble  powder,  which  is  carried  at  first 
to  the  surface  by  the  rapid  ebullition  of  the  water.  Forming 
here  a  scum,  it  retards  the  ready  escape  of  the  steam  bubbles. 
Mingling  with  the  water  it  increases  its  viscosity  and  may 
cause  foaming  or  priming.  As  the  name  implies,  this  is  a 
violent  ebullition  of  the  water  owing  to  the  retention  of  the 
steam  within  its  mass.  Thus  water  and  scum  may  be  driven 
together  with  the  steam  into  the  cylinders,  where  the  lime 
salts  collect  upon  cylinder  covers  and  pistons  to  their  injury 
and  possible  destruction.    Beneath  this  sediment  laden  water, 

• 

steam  bubbles  may  form,  lifting  the  water  from  the  plates  and 
allowing  them  to  become  overheated  in  much  the  same  way 
that  viscous  fluids,  from  which  steam  cannot  readily  escape, 
overheat  and  "burn  on"  the  bottoms  of  cooking  utensils. 
As  the  precipitate  settles  in  sludge  upon  the  plates,  it  forms 
a  layer  of  comparatively  little  heat-conducting  power,  caus- 
ing a  loss  of  heat  and  waste  of  fuel. 

Various  estimates  have  been  made  of  the  loss  of  heat 
resulting  from  scale.  Some  of  these  are  excessive,  and  all 
are  large.  By  Nystrom's  formula  it  is  calculated  that  a  loss 
of  about  15  per  cent  of  heat  is  caused  by  scale  one-sixteenth 
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of  an  inch  in  thickness  and  of  23  per  cent  by  scale  three 
times  as  thick.  The  presence  of  this  layer  of  poor  con- 
ductivity on  the  inner  side  of  plates  or  tubes  allows  overheat- 
ing and  warping  and  its  unequal  distribution  produces  unequal 
expansion  and  contraction,  one  of  the  principal  causes  which 
shorten  the  lifetime  of  a  boiler.  This  stony  incrustation  into 
which  sludge  is  soon  baked  unless  blown  out  at  frequent  inter- 
vals is  so  closely  adherent  to  the  iron  that  it  can  be  removed 
only  by  use  of  acids  or  by  chipping  processes,  both  more  or 
less  injurious.  In  contact  with  the  plates  the  calcium  and 
magnesium  carbonates  of  the  scale  are  changed  to  caustic 
oxides  by  the  intense  heat,  *  and,  according  to  Lewes,  if  mag- 
nesium chloride  is  present  the  same  result  may  be  reached  by 
reaction  with  calcium  carbonate.  So  long  as  heated  these 
oxides  remain  anhydrous,  but  are  changed  to  hydrates  by 
access  of  water  on  cooling. 

The  effect  of  calcium  sulphate  when  present  in  feed  waters 
is  much  the  same  as  that  of  the  carbonates  of  lime  and  mag- 
nesia. Unlike  them  it  is  freely  soluble  in  water  without  the 
aid  of  carbon  dioxide.  According  to  Regnault  its  solubility 
is  greatest  at  95^  Fahr.  when  178  grains  are  required  to  satu- 
rate one  imperial  gallon.  At  212^  Fahr.  152  grains  are  still 
soluble  in  the  same  quantity,  an  amount  so  large  that  were 
no  higher  temperatures  than  this  reached  in  boilers,  no  cal- 
cium sulphate  would  be  deposited  except  by  the  progressive 
concentration  of  the  salt  by  the  evaporation  of  the  water,  a 
process  easily  prevented.  But  calcium  sulphate  becomes  less 
and  less  soluble  with  increase  of  temperature.  When  water 
in  a  boiler  reaches  a  temperature  of  271^  Fahr.,  nearly  the 
whole  of  the  calcium  sulphate  in  solution  is  thrown  down, 
and  the  entire  amount  is  precipitated  at  or  before  a  tempera- 
ture of  303^,  reached  at  a  pressure  of  seventy  pounds  to  the 
square  inch,  t  Unlike  the  deposits  of  calcium  and  magnesium 
carbonates,  which  remain  soft  and  readily  removable  for  a 

'^T.  B.  Stlllman,  Journal  of  Analytical  Ohemistry.    Jan.,  1890. 

t  Armstrong,  Oonstruction  and  Management  of  Steam  Boilers,  p.  17d.    London,  1878. 
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considerable  time,  the  sludge  of  calcium  sulphate  rapidly 
hardens  into  a  peculiarly  intractable  scale,  cementing  with  it 
all  other  scale-forming  minerals  present  in  the  waters. 

Taking  into  account  all  sources  of  loss  in  fuel,  in  labor,  and 
in  wear  and  tear,  it  has  been  estimated  by  the  Railway  Master 
Mechanics'  Association  of  the  United  States  that  the  extra 
expense  due  to  the  use  of  hard  waters  by  the  locomotives  on 
the  i*ailways  of  the  middle  and  western  states  amounts  per 
annum  to  S750  for  each  locomotive*.  The  expense  is  little 
less  for  stationary  engines  evaporating  equal  quantities  of 
water. 

So  great  is  the  evil  of  boiler  scale,  and  so  universally  pres- 
ent in  the  artesian  waters  of  Iowa  are  the  ingredients  that 
constitute  it  that  a  brief  resume  of  the  remedies  employed  in 
its  treatment  may  not  be  without  value. 

None  of  the  many  nostrums  advertised  for  the  mitigation 
and  removal  of  boiler  scale — and  over  two  hundred  patents 
are  on  record  in  England  for  this  purpose — are  more  effec- 
tive than  the  simple  remedies  that  a  chemical  and  mechanical 
study  of  the  subject  suggests.  No  panacea  exists.  Treat- 
ment that  would  prove  eifective  for  one  water  will  be  useless 
or  injurious  in  the  case  of  another.  A  chemical  analysis  of 
water  is  necessary  before  any  special  prescription  can  be 
made. 

As  prevention  is  better  than  cure,  the  drift  of  opinion 
among  experts  at  the  present  time  is  toward  the  removal  of 
scale-forming  substances  as  far  as  possible  from  the  feed 
water  before  it  enters  the  boiler.  This  is  accomplished  in 
vessels  of  various  designs,  heated  by  exhaust  steam  or  by 
waste  heat  from  boilers  or  flues.  Temporary  hardness  is 
thus  readily  removed,  but  permanent  hardness  cannot  be 
reduced  except  at  pressures  and  temperatures  reached  in  the 
boiler  itself.  Remedies  applied  directly  to  boiler  water 
may  be  chemical  oi*  mechanical.  The  first  look  to  the  pre- 
cipitation of  lime  salts  as  carbonates  in  a  soft  sludge,  rather 

*  Edwards'  Practical  Steam  Engines  (Julie,  p.  110,  8d  Ed.    Pbll..  18M. 
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than  as  sulphate,  which  sets,  as  we  have  seen,  in  an  obdurate 
and  tenaceous  scale.  Whenever  calcium  sulphate  is  present 
in  boiler  water,  the  best  remedies,  considering  the  element 
of  cost,  are  caustic  soda  and  carbonate  of  soda.  Caustic  soda, 
although  more  expensive  than  salsoda  and  soda  ash,  is  doubly 
effective.  Combining  first  with  calcium  bicarbonate,  it  unites 
with  the  excess  of  carbon  dioxide  to  form  sodium  carbonate 
while  the  calcium  carbonate  is  precipitated.  The  sodium  car- 
bonate then  reacts  with  the  calcium  sulphate  forming  calcium 

carbonate  and    sodium  sulphate.      The  resulting  sludge  is 

* 

readily  blown  out. 

Mechanical  remedies  are  intended  to  prevent  the  aggrega- 
tion  adhesion  and  hardening  of  scale.  These  are  quite  beyond 
enumeration,  and  the  writer  is  not  prepared  to  recommend 
any  of  them.  Chips  or  sawdust  of  heavy  wood  have  been 
introduced  into  boilers  to  serve  as  separate  nuclei  for  the 
concretion  of  the  scale.  The  particles  of  the  sludge  may  be 
prevented  from  adhering  and  cohering  by  admixture  with 
finely  divided  materials  like  clay,  or  by  being  coated  with 
thin  pellicles  of  oily  or  slimy  substances  like  petroleum,  starch 
or  molasses. 

Remedies  for  scale  may  either  be  placed  in  quantity  in  the 
boiler  at  the  beginning  of  the  working  week,  or,  far  more 
eif ectually,  may  be  brought  in  with  the  feed  water  either  con- 
tinuously or  at  short  intervals  by  means  of  patented  appliances. 

No  remedy  is  without  possibility  of  harm,  and  none  is  effect- 
ive without  frequent  blowings  out,  which  alone  go  far  in  mit- 
igating the  evil.  By  the  use  of  simple  means  specially  adapted 
to  its  chemical  composition,  even  the  hardest  artesian  waters 
in  the  state,  with  scarcely  an  exception,  may  be  used  with 
safety,  if  not  economy,  and  without  recourse  to  any  nostrum 
of  unknown  composition. 

In  order  to  obtain  the  practical  experience  of  engineers  in 
the  use  of  artesian  waters  of  the  state,  blanks  were  sent  out 
to  the  proprietors  of  the  wells  and  much  of  the  information 
thus  furnished  is  entered  with  the  records  of  the  wells  given 
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on  preceding  pages.  According  to  these  reports  a  number  of 
the  wells  supply  exceptionally  good  boiler  water.  Thus  the 
water  of  the  Clinton  wells  is  said  to  be  non-corrosive  and  to 
produce  no  scale  and  to  be  superior  to  the  waters  of  the 
Mississippi  river.  The  waters  from  the  Kimball  house  well, 
Davenport,  the  new  Centerville  well  and  the  well  of  the  Bank 
and  Insurance  Building,  Dubuque,  are  said  to  form  no  scale, 
and  boilers  are  found  to  be  perfectly  clean  after  months  of 
usage,  with  no  further  attention  than  the  usual  blowings  out. 
The  Glenwood  water  is  said  to  have  no  eifect  on  boilers  so 
long  as  air  is  excluded,  and  the  waters  of  Jeflferson  and  the 
McGregor  well  No.  2,  are  reported  to  be  very  good  for  boiler 
use. 

In  several  cases  deep  well  waters  supply  their  own  remedy 
for  scale.  Such  are  the  sodic  alkaline  waters,  as  those  of 
Clinton,  West  Liberty  and  Council  Bluffs.  Although  these 
waters  contain  also  incrustive  solids,  the  anomalous  equibrium 
is  broken  up  upon  heating  and  the  lime  and  magnesian  salts 
are  thrown  down  in  sludge.  Whatever  scale  may  form  is  soft 
and,  after  reaching  a  certain  thickness,  is  said  to  fall  of  its 
own  weight.  With  such  waters  no  chemical  treatment  is 
necessary  or  useful. 

A  number  of  wells  carry  waters  which  are  reported  as  highly 
corrosive,  eating  out  iron  pipe,  and  boilers  at  rivets,  and 
destroying  boiler  flues  in  some  instances  in  as  brief  a  time  as 
three  months.  Several  well  waters  are  reported  to  foam 
badly,  the  latter  belonging  to  the  sodic  alkaline  class. 

The  following  table  presents  the  number  of  grains  of 
incrusting  solids  to  the  gallon  in  the  artesian  waters  of  the 
state  so  far  as  they  have  been  analyzed,  and  their  rating  on 
this  basis  as  steam  waters.  The  rating  is  that  adopted  by 
the  American  Association  of  Railway  Chemists,  Buffalo,  1887, 
except  that  the  rating  of  *'good''  is  here  divided  into  good 
and  "very  good,''  according  to  the  usage  of  the  Chicago, 
Burlington  &  Quincy  railway. 
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a     VERY   GOOD. 

Waters  with  less  than  eight  grains  of  incrusting  solids  per 
gallon. 

Davenport,  Witts'  weU 4  638 

Davenport,  Ide  Co 7.697 

Glenwood,  city 7.821 

b    GOOD. 

Water  with  from  eight  to  fifteen  grains  of  incrusting  solids 
per  gallon. 

Jefferson,  city 10.077 

Council  Bluffs,  asylum 13.301 

Dubuque,  Cushing^s — .  14.242 

C     FAIR. 

Waters  with  from  fifteen  to  twenty  grains  of  incrusting  sol- 
ids per  gallon. 

Dubuque  Malting  Co 15.117 

Mason  City,  city 15.660 

Davenport,  Glucose  Factory - 16.019 

Dubuque  Steam  Heating  Co 16.182 

Calmar 17.000 

Wilton 17.480 

Vinton 17.513 

Clinton,  Water  Co 19.286 

West  Liberty 19.578 

Sabula 19.166 

d    POOR. 

Waters  with  twenty  to  thirty  grains  of  incrusting  solids  per 
gallon. 

Emmetsburg,  Chicago,  Milwaukee  &  St  Paul  railway  20.960 

McGregor,  No.  2,  town 20.516 

Dubuque,  Bank  and  Insurance  Building. 20.590 

Centerville,  No    1 21.959 

Monticello,   town 21.162 

Ottumwa,  Artesian  Well  Co 22.670 

Britt,  Chicago,  Milwaukee  &  St.  Paul  railway 24.440 

Monona,  Chicago,  Milwaukee  &  St.  Paul  railway 26.600 

Cedar  liapids,  Y.  M.  C.  A 28.214 

Washington,  town 28.526 
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e     BAD. 

Water  with  thirty  to  forty  grains  of  intjnisting  solids  per 
gallon. 

Ft.  Madison,  Paper  Co 33.549 

Homestead,  Amana  Society 33.440 

Amana,  Amana  Society 37.261 

f    VERY  BAD. 

Waters  containing  over  forty  grains  of  incrusting  solids  per 
gallon. 

McGregor,  town  No.  1 42.928 

West  Bend,  town 43.194 

Webster  City 47.924 

Dunlap,  town. 50.970 

Keokuk,  Poultry  Co 50.179 

Boone,  town  No.  1 53.050 

Sioux  City 60.121 

Keokuk  Pickle  Co 61.058 

Colfax,  M.  K.  spring 68.963 

Grinnell,  town 78.800 

Centerville,  town  No.  2 79.525 

Sanborn,  Chicago,  Milwaukee  &  St.  Paul  railway  ...  95.310 

Nevada,  town 190.272 

Artesian  Waters  as  a  Public  Supply. 

Several  aspects  of  the  suitability  of  artesian  water  for  the 
supply  of  cities  and  towns  have  been  treated  in  the  sections 
upon  its  chemical,  remedial  and  sanitary  qualities  and  its 
industrial  uses.  There  are  left  to  consider  the  adequacy  of 
artesian  supply,  its  cost,  and  its  organic  purity.  A  few  notes 
will  be  added  giving  some  hints  as  to  the  drawing  of  contracts 
and  the  preservation  of  records,  and  a  brief  description  of 
the  methods  of  well-drilling  as  now  practiced  in  the  state. 

ADEQUACY  OF  ARTESIAN  SUPPLY. 

It  is  the  good  fortune  of  Iowa  that  her  climatal  conditions 
are  such  that  the  adequacy  of  artesian  supply  for  other  than 
public  uses  need  not  be  considered.  In  less  humid  climates, 
in  regions  of  rainfall  too  scanty  or  uncertain  for  agricultural 
purposes,  the  question  of  the  suflBciency  of  artesian  water 
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for  the  irrigation  of  farm  lands  becomes  one  of  prime  impor- 
tance. So  limited  must  artesian  waters  always  be  compared 
with  the  vast  volumes  of  the  rainfall,  that  geological  experts 
are  practically  unanimous  in  their  judgment  that  it  can  never 
be  used  to  make  good  the  deficiencies  of  rainfall,  except  in 
restricted  areas.  It  has  been  graphically  stated  by  Powell,* 
late  director  of  the  United  States  Geological  Survey,  that  ' '  if 
all  the  artesian  wells  in  the  world,  which  are  used  for  irriga- 
tion, were  assembled  in  one  county  ^  *  *  they  would 
not  irrigate  that  county." 

Any  diversion  toward  irrigation  must  seriously  restrict  the 
use  of  artesian  water  for  municipal  supply.  In  Iowa  practi- 
cally the  entire  volume  of  artesian  water  is  available  for  its 
highest  and  most  appropriate  function. 

While  the  volume  of  water  stored  in  the  geological  forma- 
tions of  the  Iowa  field  under  artesian  conditions  is  enormous, 
as  we  have  seen  in  a  previous  section,  the  quantity  available  at 
any  one  place  is  so  limited  that  it  may  readily  be  overdrawn. 
The  evidences  of  such  overdraft  have  already  been  considered, 
and  for  a  statement  of  them  the  reader  is  referred  to  the 
description  of  the  wells  of  Dubuque,  Davenport,  Cedar  Rapids, 
Clinton  and  Keokuk.  While  the  facts  at  hand  do  not  point 
to  any  such  exhaustion  of  local  areas  as  have  frequently 
occurred  outside  of  the  state,  they  are  sufficient  to  show  that  the 
amount  that  can  be  drawn  through  porous  strata  at  any  point 
is  liniited,  and  too  much  must  not  be  expected  of  it. 

Without  going  into  details  we  may  conclude  from  the  evi- 
dence at  hand  that,  in  the  most  advantageous  positions,  in 
those  nearest  the  large  Wisconsin  reservoir  and  at  the  lowest 
levels,  artesian  wells  may  be  safely  depended  upon  as  a  per- 
manent supply  for  towns  of  about  10,000  inhabitants.  In  less 
favored  localities,  on  higher  ground,  and  more  remote  from 
the  reservoir,  they  can  hardly  be  expected  to  meet  the 
demand  of  towns  of  more  than  one-half  the  size  mentioned. 


*  U.  S.  Irrig.  Surv.,  Second  Ann.  Rep.,  p  280.    Washlogton,  1890. 
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It  must  be  remembered  that  the  consumption  of  most  Iowa 
towns  is  still  comparatively  small.  The  population  is  usually 
extended  over  a  relatively  large  area.  The  expense  of  laying 
mains  throughout  this  area  is  great  compared  with  the  popula- 
tion served  and  the  revenue  received,  and  the  whole  town  is 
therefore  but  seldom  supplied.  Even  on  streets  where  mains 
are  laid,  it  is  often  the  case  that  many  families  use  domestic 
wells  and  cisterns.  The  consumption  ought  therefore  to 
increase  with  the  extension  of  mains  and  the  larger  use  of 
city  water  by  the  j^eople  at  a  higher  rate  than  the  probable 
future  increase  in  population  would  indicate.  On  the  other 
hand,  there  is  often  a  waste  of  city  water  which  progress  in 
the  use  of  meters  will  reduce.  In  England  it  has  been  found 
possible  by  strict  regulation  to  limit  domestic  supply  to  about 
thirteen  imperial  gallons  daily  per  inhabitant. 

In  America,  the  consumption  seldom  falls  below  thirty  gal- 
lons, and  often  it  exceeds  100  gallons.  Counting  the  entire 
population  of  a  town,  an  average  of  fifty  gallons  per  day 
should  be  sufficient  under  present  conditions  in  Iowa,  espe- 
cially if  meters  are  included  in  the  plant.  But  the  consump- 
tion of  water  is  not  constant.  It  varies  with  night  and  day, 
and  especially  with  the  seasons.  The  supply  must  be  com- 
petent to  meet  the  maximum  draft,  and  this  may  be  estimated 
at  100  gallons  daily  for  each  inhabitant.  With  this  estimate, 
an  artesian  well  may  be  expected  to  serve  1,000  inhabitants 
with  each  seventy  gallons  of  its  discharge  per  minute. 

In  several  towns  of  rapid  growth  where  artesian  wells  have 
been  found  inadequate  to  meet  the  demands  of  the  increasing 
population,  this  supply  has  been  supplemented  with  raw  and 
probably  impure  water  drawn  from  adjacent  rivers.  Consum- 
ers should  understand  that  by  this  procedure  the  sanitary 
value  of  the  mixed  water  which  they  drink  is  reduced  nearly, 
if  not  entirely,  to  that  of  the  impure  constituent.  It  is  not  a 
chemical  mixture,  as  of  hard  water  with  soft,  in  which  the 
mean  resulting  quality  can  be  calculated.  It  is  a  pollution  of 
water  bacterially  pure  with  water  which  may  contain  malignant 
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micro-organisms  capable  of  reproduction  in  enormous  ratios 
during  the  few  hours  or  days  in  which  the  water  remains 
in  the  reservoir.  This  objection  does  not  obtain  when  the 
water  used  to  supplement  the  artesian  supply  has  been  made 
organically  pure  by  proper  treatment  in  a  filter  plant.  But 
the  cost  of  filtered  water  is  great.  To  the  interest  on  the 
investment  in  the  filter  plant  must  be  added  the  running 
expenses  of  filtration.  It  is  therefore  an  interesting  and 
important  question  as  to  the  comparative  cost  of  such  a  double 
supply,  and  one  obtained  from  filtered  water  only.  This 
will  depend  upon  the  cost  of  artesian  wells,  and  this  varies 
with  the  depth  at  which  artesian  water  can  be  reached 
and  with  other  factors.  But  if  our  correspondents  who  have 
had  practical  experience  in  the  use  of  both  supplies  are  cor- 
rect, the  cost  of  artesian  water  in  eastern  Iowa  is  sufficiently 
less  than  that  of  filtered  water  to  make  artesian  wells  a  prof- 
itable investment,  even  though  they  are  not  capable  of  fur- 
nishing all  the  water  a  town  may  need  either  in  the  present  or 
in  the  future. 

Under  the  head  of  the  adequacy  of  artesian  supply  may  be 
included  the  methods  used  in  obtaining  the  maximum  dis- 
charge. If  several  wells  are  drilled,  these  should  be  aligned 
as  nearly  as  possible  at  right  angles  to  the  general  direction 
of  the  creep  of  the  water  in  the  water-bearing  strata,  since, 
with  this  arrangement,  water  will  find  way  to  the  tubes  more 
readily  than  with  any  other.  Wherever  overdraft  is  feared, 
it  will  be  found  advantageous  to  place  the  wells  as  far  apart 
as  possible.  Where  the  wells  are  flowing  artesians  this  dis- 
tance may  be  as  great  as  the  cost  of  piping  and  the  contour 
of  the  country  permits.  In  the  case  of  sub-artesians  the  cost 
of  extra  pumping  stations  will  usually  prevent  the  separation 
of  the  wells.  When  the  discharge  of  a  well  is  found  unex- 
pectedly slight,  it  probably  can  be  increased  by  torpedoing 
the  water  bearing  stratum,  especially  if  this  is  a  limestone 
delivering  its  water  through  crevices.  This  method  is  com- 
monly employed  in  oil  wells,  but  so  far  as  known  has  never 
been  used  in  the  artesians  of  the  state. 


COST  OF  ARTESIAN   WELLS.  411 

The  discharge  even  of  flowing  wells  may  be  greatly  increased 
by  the  use  of  deep  pumps.  The  effect  is  to  shorten  the  short 
arm  of  the  siphon,  whose  long  arm  is  formed  by  the  channel 
of  the  water  from  the  higher  ground  of  the  intake  area.  In 
a  number  of  artesian  wells  outside  of  the  state  and  in  the 
artesians  of  Mason  City  the  Phole  Air  Lift  is  used  success- 
fully for  this  purpose. 

In  the  case  of  old  wells  whose  flow  has  seriously  diminished 
the  special  cause  of  the  decrease  must  be  known  before  any 
prescription  can  be  made.  The  tubing  may  have  been  cor- 
roded, the  packing  may  have  been  insecurely  placed,  and  the 
water  under  strong  pressure  may  be  forcing  its  way  out  of 
the  well  at  greater  or  less  distances  below  the  surface  and 
escaping  through  natural  water-ways  in  the  strata.  It  may 
also  effect  an  escape  by  opening  or  enlarging  by  its  solvent 
power  crevices  in  limestone  where  the  shaft  was  left  uncased. 
Again,  a  stricture  in  the  bore  may  have  resulted  from  the 
creep  of  plastic  or  mobile  strata  under  the  enormous  pressure 
which  they  sustain.  The  well  may  have  become  clogged  with 
detritus,  and  rare  instances  are  known  where  this  seems  to  have 
been  effected  by  organic  growths.  In  order  that  the  difficulty 
may  be  diagnosed  and  suitably  remedied,  a  complete  record 
should  be  kept  of  the  diameters  of  the  bore,  the  exact  nature 
and  limits  of  all  the  strata  penetrated,  the  depth  of  the  water 
veins  and  the  precise  location  of  all  the  tubing  in  the  well. 
Since  such  data  are  liable  to  be  lost  they  have  been  placed  on 
permanent  record  in  this  volume,  as  far  as  they  could  be 
obtained. 

THE  COST  OF  ARTESIAN  WELLS. 

The  charges  of  drillers  depend,  not  only  upon  the  diameter 
and  depth  of  the  well,  but  also  on  the  certainty,  or  the  degree 
of  probability,  that  artesian  water  can  be  found,  and  the 
nature  of  the  strata  through  which  the  drill  must  pass.  When 
drillers  contract  to  furnish  acceptable  artesian  water  within 
certain  depths,  it  is  entirely  just  that  their  prices  be  higher 
where  the  drilling  is  an  experiment  in  an  untried  field,  than 

3i  G.  Rep. 


412  ARTESIAN  WELLS  OF  IOWA. 

where  the  depth,  quality  and  quantity  of  the  artesian  waters 
of  the  region  are  known,  as  well  as  the  exact  nature  and 
probable  thickness  of  each  stratum  of  rock  which  the  drill 
will  encounter.  It  may  reasonably  be  expected  the  Iowa 
Geological  Survey  will  thus  save  to  the  state,  by  means  of 
the  present  investigation,  which  sets  forth  for  the  first  time 
the  deeper  geological  structure  of  the  state  and  its  artesian 
conditions,  many  times  more  than  the  cost  of  the  work. 

The  prices  charged  for  drilling  vary  with  the  nature  of  the 
rock  expected,  being  highest  where  heavy  shales  occur  which 
obstruct  the  work  by  casing,  and  where  there  are  thick  beds 
of  chert  difficult  to  penetrate.  The  cost  of  wells  depends 
also  on  the  amount  and  quality  of  the  casing  put  in.  Exact 
estimates  of  the  cost  of  any  projected  well  can  always  be 
obtained  on  application  to  any  well  drilling  firm,  and  we  need 
add  to  what  has  been  said  only  the  cost  of  some  recent  and 
representative  wells  in  diiferent  parts  of  the  state. 

At  Cedar  Rapids  the  well  of  the  Y.  M.  C.  A.,  1,450  feet 
deep,  five-inch  bore,  cost  SI. 65  per  foot,  besides  the  coal  used 
in  drilling,  and  the  casing.  The  total  cost  of  each  of  the 
other  wells,  1,450  feet  deep,  was  $3,205.  The  well,  2,225  feet 
deep,  cost  S6,065. 

At  Clinton  the  well  of  C.  Lamb  &  Son,  1,230  feet  deep,  cost 
$2, 126.  The  well  at  the  Anamosa  penitentiary  was  contracted 
at  the  following  prices,  including  casing,  the  penitentiary 
furnishing  only  coal  and  water  and  the  work  of  two  men. 

PBB  rooT. 
From  1  to  1,200  feet $  1.75 

From  1,200  to  1,400  feet 2.00 

From  1,400  to  1,600  feet 2.26 

From  1,600  to  1,800  feet 2.60 

From  1,800  to  2,000  feet 2.76 

From  2,000  to  2,500  feet  an  extra  charge  was  contracted  for 
of  25  c^nts  per  foot  for  each  additional  100  feet. 
The  Holstein  well  was  contracted  at  the  following  scale. 

PBR  FOOT. 

From  1  to  600  feet $  2.0U 

From  600  to  1,200  feet 2.25 

Prom  1,200  to  1,600  feet 2.76 

From  1,500  to  2,000  feet 300 
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The  town  here  furnished  only  water  for  the  boiler. 

At  Glenwood  the  contractors  furnished  everything  except 
some  extra  casing,  and  the  well,  2,000  feet  deep,  cost  87,215, 
distributed  as  follows. 

Fromi  to  500  feet,  at  $4     $  2,000 

From  500  to  1,200  feet,  at  $2.71 1,930 

From  1,200  to  2,000  feet,  at  $3.75 3,000 

Extra  caslngf 315 

Total $  7,215 

The  Postville  well,  515  feet  deep,  cost  81,260,  and  the  Man- 
chester well,  1,870  feet  deep,  cost  $4,667.50. 

THE  PURITY    OF  ARTESIAN  SUPPLY. 

The  question  of  the  cost  of  artesian  wells,  or  of  any  good 
water  supply  is  not  the  main  question.  Any  public  supply  of 
pure  water  is  costly.  Eflfective  filtration,  whether  by  the 
newer  and  best  methods  of  natural  sand  filtration,  or  by  the 
rapid  mechanical  filters,  is  by  no  means  cheap;  and  un filtered 
surface  or  stream  water  is  in  no  case  fit  to  drink.  Domestic 
supply,  where  every  householder  pays  for  his  own  well  and 
cistern,  may  be  the  most  expensive  system  of  all.  In  this 
connection  the  words  of  Burton*  are  specially  pertinent. 

"There  is,  however,  a  growing  feeling  that  the  supply  of 
water  to  towns  should  be  municipal  work;  that  a  matter  of 
such  vast  importance  to  the  public  health  is  not  one  which 
should  be  left  in  private  hands;  and,  indeed,  that  it  is  not  a 
matter  from  which  profit  should  be  made  at  all — that  is  to  say 
a  direct  money  profit  for  individuals  or  even  a  municipality. 
The  profit  of  a  most  solid  kind  to  the  community  is  undoubted. 
There  should,  in  fact,  in  connection  with  water  supply  be  much 
less  consideration  than  there  is  of  pounds,  shillings  and 
pence,  except  in  the  matter  of  prevention  of  waste  water. 
The  question  should  not  be,  'How  cheaply  can  we  get  a 
supply  of  water?'  but  'What  is  the  very  best  supply  of  water 
that  we  can  get  at  any  price  that  it  is  practicable  for  us  to 

*The  Water  Supply  of  Towns,  p.  4.    LondoD,  1891. 
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pay?'  That  is,  so  far  as  providing  a  plentiful  supply  of  whole- 
some water  for  domestic  purposes  is  concerned,  so  that  the 
public  health  may  be  kept  as  good  as  possible.  It  is  different 
in  the  case  of  supplying  water  for  manufacturing  purposes  or 
for  purposes  of  luxury,  such  as  gardens  and  fountains.  There 
is  no  reason  why  the  municipality  should  not  make  a  profit 
out  of  water  supplied  for  those  and  the  like  purposes.  *' 

The  chief  merit  of  artesian  water  as  a  municipal  supply,  its 
point  of  special  superiority  over  rival  sources,  lies  in  its 
organic  purity.  Other  waters  may  be  pure,  other  waters  if 
impure  may  be  purified,  but  the  purity  of  artesian  waters  is 
above  suspicion.  Its  use  not  only  renders  consumers  practic- 
ally immune  from  many  diseases,  but  it  imparts  a  comfortable 
sense  of  security,  which  is  also  of  distinct  value.  It  is 
regretted  that  a  complete  series  of  chemical  and  biologic  san- 
itary analyses  can  not  be  offered  in  demonstration  of  the 
organic  purity  of  the  deep  wells  of  the  state.  But  it  surely 
may  be  taken  for  granted  that  artesian  water  can  not  become 
infected  with  the  waste  of  life  and  pathogenic  bacteria  during 
its  long  journey  deep  under  ground.  Only  as  it  rises  near  to 
the  surface,  is  there  the  possibility  of  sewage  contamination 
and  this  is  easily  prevented  by  the  proper  adjustment  of 
casings. 

The  artesian  wells  of  Iowa  are  in  evidence  that  in  many 
towns  of  the  state  the  organic  purity  of  their  drinking  water 
has  been  made  the  chief  consideration  in  the  choice  of  a  sup- 
ply. Innocent  water  has  been  given  the  preference  over 
various  repentant  waters,  to  adapt  the  language  of  an  emin- 
ent sanitary  authority. 

Pure  water  is  not  a  luxury  but  a  necessity.  It  is  indis- 
pensable to  healthy  and  decent  living.  A  more  exact  and 
ready  civilization-meter  can  hardly  be  suggested  than  the 
condition  of  the  water  supply  aifords  in  any  country  or  city. 
A  community  that  tolerates  a  contaminated  supply  is  a  com- 
munity that  willingly  drinks  human  excrement.  Polluted 
water  supply  is  not  only  a   filthy  disgrace,  it  is  a  crime 
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against  both  person  and  property.  No  conclusion  of  sanitary 
science  is  more  firmly  established  than  that  the  contagium  of 
several  of  the  most  deadly  diseases  is  carried  in  drinking 
water. 

With  regard  to  the  mortality  from  cholera  and  typhoid 
fever  the  Rivers  Pollution  Commissioners  of  Great  Britain  use 
the  following  guarded  and  moderate  language:  "It  is  humil- 
iating  to  reflect  on  the  vast  amount  of  premature  deaths  and 
misery  which  is  thus  carelessly  permitted  to  exist  in  the 
midst  of  a  civilized  community.  In  England  and  Wales  alone 
the  average  yearly  number  of  deaths  from  zymotic  poisons  is 
120,000,  representing  a  total  number  of  cases  of  more  or  less 
intense  suifering  which  is  certainly  not  over-estimated  at 
1,200,000.  But  even  this  enormous  number  only  includes  the 
persons  actually  poisoned.  It  takes  no  cognizance  of  the 
misery  of  families  reduced  to  pauperism  or  worse  by  the 
death  or  long  illness  of  those  upon  whom  they  are  dependent 
for  support.  *  *  *  The  means  of  preventing  much 
of  this  death  and  torture  are  now  well  known  and  capable  of 
practical  application.  Their  neglect  signifies  the  destruction 
of  the  people  by  parasitic  organisms  which  we  have  the  means 
but  not  the  will  to  exterminate,  and  it  will  not  much  longer 
be  regarded  as  involving  less  national  disgrace  than  would 
attach  to  the  annual  loss  and  mutilation  of  vast  numbers  of 
our  population  by  beasts  of  prey  which  we  were  too  apathetic 
to  destroy."* 

Yet  the  death  rate  from  typhoid  fever  in  England  is  rel- 
atively low.  In  London,  with  a  population  of  4,250,000  this 
rate  in  1890  was  but  seventeen  to  the  100,000,  slightly  less 
than  for  the  whole  of  England  and  Wales.  The  London  rate 
is  indeed  high  compared  with  the  typhoid  death  rate  of  many 
cities  of  western  Europe,  but  it  seems  surprisingly  low  when 
we  consider  the  death  rate  of  American  cities,  as  shown  in 
the  following  table. 

Typhoid  death  rate  of  cities  of  the  United  States  with  popu- 
lation of  200,000  or  over.     Census  of  1890. 

*Sixth  Bept.  Kiyera  Pollution  Comm.,  p.  180.    LondOD,  1874. 
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Number  of  deaths 
Typhoid    from  typhoid  above 
death  rate      the  standard  of 
per  100,000.        25  per  100.000. 

Pittsburg 127  245 

Washington 87  143 

Philadelphia 74  50» 

Chicago 72  519 

Cleveland 63  99 

San  Francisco 66  91 

Baltimore 47  93 

Boston 39  62 

Saint  Louis 32  32 

Buffalo 31  16 

Milwaukee 30  10 

Brooklyn 24 

New  York 23 

New  Orleans - 19 

Detroit 19 

Total  deaths  in  the  above  cities  above  normal  rate..  1,819 

In  eleven  of  the  large  cities  of  the  United  States  the  deaths 
from  typhoid  fever  due  to  lack  of  proper  civil  sanitary  pre- 
cautions thus  amounted  in  1890  to  at  least  1,819,  nearly  as 
many  as  the  killed  of  the  Federal  army  in  the  battle  of  Antie- 
tam.  Nothing  need  be  said  as  to  the  moral  aspect  of  this 
mortality.  The  economic  loss  is  computable.  The  cost  of 
the  typhoid  epidemic  at  Plymouth,  Penn.,  in  1885,  was  cal- 
culated in  detail,  and  may  be  used  as  a  datum.  The  esti- 
mated loss  from  this  epidemic  involving  the  loss  of  114  lives 
is  as  follows. 

Cash  actually  expended  in  care  of  sick $    67,10017 

Wages  lost  by  those  who  recovered 30,020.08 

Annual  earnings  of  those  who  died  capitalized 
at  5  per  cent 368,390.40 

Total $  165,510.65 

At  this  low  valuation  of  a  human  life  the  preventable  deaths 
in  1890  from  typhoid  fever  in  only  the  eleven  cities  named 
involved  a  financial  loss  of  nearly  87,500,000.  Nor  was  the 
year  1890  one  of  exceptionally  high  mortality  from  this 
disease.  In  Chicago  alone  in  1891,  there  were  1,997 -dekths 
from  typhoid  fever.     Assuming  again  twenty-five  deaths  from 
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this  disease  to  the  100,000  as  a  normal  rate,  there  are  left 
1,722  deaths  in  this  year  in  this  city  which  must  be  laid  to  an 
impure  water  supply.  At  the  usual  life- value  of  S5,000,  the 
equivalent  of  the  sum  of  $8,610,000  was  thus  destroyed,  beside 
the  loss  of  wages  and  sickness  expenses  of  those  who  recovered. 
These  illustrations  of  the  cost  of  an  impure  water  supply 
from  one  disease  only,  are  drawn  from  outside  of  Iowa  for 
obvious  reasons.  Among  these  is  the  fact  that  no  reliable 
and  complete  statistics  on  the  subject  are  on  record  from  the 
towns  of  the  state.  But  without  any  elaborate  calculations 
or  local  data  it  is  evident  that  a  pure  water  supply  is  finan- 
cially a  profitable  investment.  Artesian  wells  or  expensive 
filters  cost  less  than  epidemics,  and  less  than  the  constant  loss 
of  life  at  a  rate  which,  though  unnoticed  in  America,  would 
be  considered  an  epidemic  in  almost  any  European  city. 

Typhoid  fever  is  by  no  means  the  only  disease  due  for  the 
most  part  to  contagium  carried  in  impure  water.  So  far  is 
cholera  due  to  this  cause  that  a  city  with  a  water  supply  free 
from  possibility  of  contamination  is  practically  immune  and 
needs  no  quarantine  against  the  scourge.  By  the  same 
vehicle  of  drinking  water,  as  is  strongly  suspected,  though 
not  yet  decisively  proven  in  all  instances,  access  is  had  to  the 
human  system  by  the  germs  of  many  other  diseases;  dysen- 
teries, diarrhoea,  and  various  fevers  recurrent  and  malarial. 
But  in  the  opinion  of  eminent  sanitarians  the  greatest  injury 
resulting  from  the  use  of  impure  water  lies  not  so  much  in 
well  marked  zymotic  diseases  as  in  the  general  malaise,  the 
.  insidious  undermining  of  the  health,  the  weakening  of  the 
constitution,  which  leaves  the  system  ready  to  succumb  to 
the  first  attack  of  a  serious  disease. 

The  drinking  water  of  any  fully  civilized  community  must 

then  in  the  firet  place  be  pure  water.     But  the  emphasis 

,  which  has  been  laid  upon  this  fact  does  not  at  all  imply  that 

.artesian  wells  funiish  the  only  water  organically  pure,  and 

that  they  should  always  be  selected  for  municipal  supply. 
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THE  CONTRACT. 

A  few  hints  are  offered  simply  in  the  interest  of  that  definite 
understanding  between  contracting  parties  which  experience 
shows  is  always  advantageous.  Both  parties,  the  owner  and 
the  driller  alike,  are  interested  directly  in  the  success  of  the 
well.  Indeed  this  success  is  often  guaranteed  by  the  driller, 
and  sometimes  where  a  geologist  would  be  reluctant  to 
assume  any  financial  risk  in  the  case.  It  is  to  the  business 
interest  of  all  responsible  well  drilling  firms  to  give  as  com- 
plete satisfaction  as  possible,  and  it  need  not  be  expected  that 
such  firms  will  take  unfair  advantage  of  the  technical  ignor- 
ance of  their  patrons. 

It  sometimes  occurs  that  drillers  are  too  closely  bound  by 
their  contract  and  are  not  given  suflBciently  free  hand.  Thus 
in  two  recent  contracts  the  Saint  Peter  was  set  as  the  lower 
limit  of  the  boring,  although  in  neither  instance  could  that 
formation  be  expected  to  furnish  a  supply.  Such  strict  lim- 
itations really  leave  the  owner  a  good  deal  at  the  mercy  of 
the  driller,  who  can  either  collect  his  pay  and  leave  an  unfin- 
ished and  unsatisfactory  well  when  the  Saint  Peter  is  reached, 
or  can  charge  an  advanced  price  for  continuing  the  work. 

Contracts  seldom  fail  to  specify  whatever  labor  or  material, 
water  for  boilers,  steam  pumps  for  tests,  or  casing,  the  owner 
expects  to  furnish.  It  is  often  more  satisfactory  for  the 
owner  to  furnish  the  casing  necessary,  since  this  is  usually  an 
unknown  quantity  until  after  the  well  is  drilled.  He  can  thus 
place  it  in  the  well  wherever  it  may  be  thought  best  in  order 
to  prevent  possible  leakage  in  the  future,  as  well  as  wherever 
it  may  be  indispensable  in  the  construction  of  the  well. 

Tests  of  the  capacity  of  the  well  are  almost  always  speci- 
fied in  contracts.  Sometimes  one,  two,  or  three  tests  are  to 
be  furnished  by  the  driller,  free  of  charge,  during  the  pro- 
gress of  the  work,  and  such  other  tests  as  the  owner  may 
direct  from  time  to  time  at  the  reasonable  charge  of  $1  an 
hour  while  the  test  is  being  made. 
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For  want  of  such  provisions  in  the  contract  a  suspicion 
occasionally  arises,  which  is  unfortunate  even  if  it  is  without 
foundation,  that,  although  there  is  really  plenty  of  water  in 
the  well,  the  driller  is  going  deeper  because  it  is  not  for  his 
financial  advantage  to  stop.  Negative,  or  non-flowing  arte- 
sians  should  be  tested  whenever  the  rise  or  the  fall  of  water 
in  the  tube,  or  the  clearing  up  of  the  water  by  the  washing 
away  of  the  drillings,  indicates  that  any  considerable  water 
vein  has  been  reached.  In  one  instance  this  oflBce  was  con- 
sulted as  to  the  advisability  of  going  on  with  the  work  on  a 
non-flowing  well,  whose  boring  had  already  crossed  the  most 
important  water  horizons  of  the  district.  Yet  no  account  had 
been  kept  of  the  fluctuations  of  the  water  in  the  well,  and 
the  drillers  declined  to  make  any  test  except  at  its  comple- 
tion. In  this  case  an  additional  clause  in  the  contract  pro- 
viding for  tests  would  have  been  economical.  A  fair  test 
usually  is  extended  for  at  least  twenty-four  consecutive  hours 
and  should,  of  course,  be  made  by  a  pump  of  sufficient 
capacity,  throwing  300  or  400  gallons  of  water  per  minute. 
The  cost  of  tests  and  chemical  analyses  of  different  flows  is 
a  trifle  compared  with  their  value  to  the  owner.  Flowing 
wells  also  should  be  gauged  for  pressure  or  tested  for  bead, 
at  the  first  flow  and  at  each  increase  thereafter. 

In  non-flowing  wells  the  drilling  should  stop  wherever  a 
test  shows  sufficient  water  of  good  quality,  unless  an  expert 
advises  its  continuance.  To  go  on  indefinitely  in  order  to 
obtain  a  flow  is  absurd.  Although  in  a  few  wells  in  the  state 
several  thousand  dollars  have  been  wasted  in  carrying  borings 
to  unnecessary  depths,  on  the  whole  our  artesian  borings 
stop  within  reasonable  limits. 

Contracts  wisely  provide  that  samples  of  the  drillings  be 
preserved,  and  it  should  be  specified  that  these  be  taken  at 
intervals  of  not  more  than  ten  feet,  and  at  every  change  in 
the  strata.  These  samples  are  of  great  scientific  value,  for 
by  means  of  them  the  geologist  determines  the  thickness  and 
lithological  characteristics  of  the  different  strata  pierced  by 
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the  drill.  He  thus  discovers,  not  only  the  extension,  the 
thickness,  and  the  structure  of  the  various  geological  forma- 
tions represented,  but  also  the  conditions  which  encourage  or 
discourage  the  search  for  coal,  for  oil,  for  gas,  and  for 
artesian  water  in  the  region.  But  it  cannot  be  too  strongly 
emphasized  that  the  series  of  samples  must  be  complete.  A 
dozen  or  so  specimens  from  a  deep  well,  each  supposed  to 
represent  formations  a  hundred  or  so  feet  thick,  are  not 
without  value.  They  make  up  an  interesting  pu35zle  and 
give  play  to  an  ingenious  imagination  in  guessing  the  real 
geological  status  of  the  section.  A  geologist  very  seldom 
can  tell  to  what  formation  a  piece  of  unfossiliferous  rock 
belongs  merely  by  its  looks.  So  far  as  its  texture  goes,  a 
piece  of  shale  or  limestone  or  sandstone  may  belong  to  any 
one  of  many  geological  groups.  But  a  series  of  a  hundred 
or  more  samples  taken  so  frequently  that  no  layer  of  any 
thickness  is  unrepresented,  exhibits  the  order  of  succession 
of  the  strata  as  well  as  their  lithological  characteristics. 
With  these  facts  in  hand  a  competent  geologist  will  usually 
feel  little  more  hesitation  in  drawing  the  geological  section 
of  the  boring  than  he  would  of  an  unfossiliferous  natural 
exposure  of  equal  vertical  extent,  and  equally  distant  from 
well  recognized  outcrops. 

Great  care  should  be  observed  in  taking  the  samples  to 
prevent  their  admixture  with  any  foreign  •  matter.  They  are 
best  poured  into  cigar  boxes  or  fruit  cans  directly  from  the 
s^nd  piimp  at  its  last  haul  for  any  clearing  out.  The  recep- 
tacle should  be  marked  in  several  places  with  the  depth,  or  a 
tag  may  be  placed  within  it  similarly  marked.  The  foreman 
in  charge  of  the  drilling  will  usually  give  this  matter  careful 
attention,  if  so  directed.  With  scarcely  an  exception,  we 
have  found  persons  having  charge  of  such  work  intelligent 
and  obliging.  But  some  citizen,  a  friend  of  science,  will 
readily  be  fpi^nd  to  give  the  matter  his  personal  supervision, 
furnishing  the  driller  with  boxes  or  cans,  removing  them  from 
l^ime  to  time  when  filled,  and  se^eing  to  the  permanent  mount- 
ing and  final  disposition. 
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iDrillings  are  variously  mounted  according  to  the  prefer- 
ences of  their  owners.  The  most  common  and  one  of  the 
worst  ways  is  to  pack  them  in  a  tube  of  glass.  Very  striking 
and  pretty  at  first,  the  samples  soon  become  mixed,  the  finer 
material  sifts  down  into  any  coarser  sample  beneath  and 
covers  it  in  whole  or  part  from  view.  Critical  study  is  impos- 
sible without  destroying  the  tube.  The  legend  or  description, 
giving  the  character  and  thickness  of  the  strata,  is  usually 
written  on  paper  and  pasted  on  the  back  of  the  tube  and  soon 
comes  loose  and  is  lost.  The  chances  are  that  in  a  few  years 
the  tube  itself  will  be  broken  and  its  invaluable  record  wholly 
destroyed. 

Sometimes  drillings  are  even  set  up  in  lamp  chimneys,  some- 
times in  a  long  narrow  box  with  glass  face  and  sliding  back 
and  partitions.  The  mounting  should  in  any  case  insure  per- 
manence, freedom  from  possibility  of  intermixture,  and  ready 
access  for  examination.  This  is  best  obtained  by  mounting 
each  sample  in  a  separate  bottle.  The  Survey  uses  for  this 
purpose  one  ounce  bottles  of  wide  mouth  and  of  clear  glass. 
All  labels  should  be  in  india  ink  or  cut  in  the  glass. 

If  an  ordinary  quantity  of  each  sample  is  secured,  a  dupli- 
cate set  can  always  be  spared,  and  thus  the  chances  of  the 
destruction  of  this  record  will  be  very  much  lessened.  The 
duplicate  set  will  be  welcomed  by  any  museum,  and  will  be 
received  with  special  interest  and  gratitude  by  the  Iowa 
Geological  Survey.  In  the  geological  collections  of  the  Sur- 
vej'  such  series  are  practically  safe  from  all  danger,  and  their 
value  is  enhanced  by  the  fact  that  they  are  at  all  times  avail- 
able for  examination  and  for  comparison  with  many  similar 
series  which  have  already  been  placed  under  this  care. 

The  Art  of  Drilling. 

To  drill  an  even  and  straight  tube  a  quarter  or  a  half  a  mile 
in  depth  requires  experience  and  a  high  degree  of  mechanical 
skill.  Deep  well  drilling  has  become  a  special  trade.  In  only 
one  instance  in  the  state  has  a  deep  r)oring  been  put  down  by 
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amateur  labor,  and  this  proved  a  costly  experiment  whose 
repetition  is  not  recommended.  Most  of  the  wells  in  Iowa 
have  been  drilled  by  firms  whose  territory  is  much  wider  than 
the  limits  of  the  state,  and  the  methods  and  the  machinery 
which  they  use  here  present  nothing  that  is  novel.  In  all 
cases,  so  far,  the  drill  has  been  the  ordinary  plunge  or  chum 
drill,  and  is  essentially  the  same  in  action  as  that  employed 
in  sinking  common  drilled  wells.  The  diamond  drill  has  been 
used  only  in  search  for  coal  and  building  stone. 

The  rig  differs  slightly  from  that  seen  in  the  oil  fields  of 
Pennsylvania  and  Ohio  so  fully  described  by  Carll,*  and  by 
Newell,  t 

The  derrick  tower  is  commonly  about  eighteen  feet  square  at 
the  base  and  sixty  feet  high.  An  adjoining  shed  contains  the 
forge  at  which  the  tools  are  dressed  and  an  engine  of  fifteen  or 
twenty  horse  power  by  which  the  drill  is  operated  and  the  tools 
raised  and  lowered  in  the  well.  The  drill  consists  of  a  steel 
chisel-shaped  bit,  screwed  to  an  iron  auger  stem,  to  the  upper 
end  of  which  is  fastened  the  ''slips"  or  "jars."  These  con- 
sist of  two  slotted  iron  links  joined  together  by  a  cross  head 
and  crotch  slot  admitting  of  a  vertical  play  or  slip,  one  upon 
the  other,  of  about  thirteen  inches,  in  about  the  same  manner 
as  the  play  of  two  links  of  a  chain.  The  bit,  the  auger  stem 
and  the  lower  member  of  the  jars,  thus  fastened  together, 
fall  with  each  downward  stroke  about  twenty  inches,  and 
deliver  a  cutting  and  crushing  blow  of  about  3,500  foot  pounds 
upon  the  rock.  On  the  upward  stroke  the  weight  of  the  rig 
above  the  union  of  the  two  members  of  the  jars  deUvers 
an  upward  blow  whose  purpose  is  to  jar  loose  the  drill  beneath. 
No  sinker  bar  is  used  above  the  jars.  In  some  Iowa  wells 
the  string  of  drilling  tools  just  mentioned  was  swung  from  a 
rope,  but  in  most  instances  rods  of  wood  have  been  used,  each 
about  thirty-three  feet  in  length,  with  iron  couplings.  The 
string  of  rods  and  drill  is  attached  by  a  swivel  and  heavy  iron 

*  Penna.  Sec.  Geol.  Surv.  Oil  Beglon,  vol.  Ill,  pp.  28i-880. 
tGeol.  Supv.  Ohio,  vol.  VI,  pp.  4T6-497. 
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chain  to  the  end  of  the  walking  beam,  which  plays  up  and 
down  above  the  mouth  of  the  tube.  This  chain  is  wrapped 
several  times  about  the  end  of  the  beam  and  is  let  out  little 
by  little  as  the  drill  cuts  deeper  and  deeper"  into  the  rock. 


Fia.  M.    Derrick  Tower  at  J.  P.  Miller  &  Co.,  at  Huliteln,  Iowa. 


We  have  not  seen  in  the  Iowa  field  the  temper  screw  used  for 
this  purpose  in  the  oil  regions. 

As  the  work  progresses  the  curious  citizen  who  gains  admis- 
sion into  the  dimly  lighted  tower  sees  month  after  month  the 
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same  tedious  routine.  Night  and  day  a  driller  sits  at  the  bench 
over  the  boring.  As  the  rods  rise  and  fall  with  the  monotonous 
motion  of  the  walking-beam,  he  slowly  twists  them  round  and 
round  so  that  the  drill  may  strike  every  portion  of  the  bottom 
in  its  rotation  and  drill  the  hole  round  and  true.  So  simple 
is  this  apparently,  that  a  boy  could  do  it.  But  the  experi- 
enced driller  feels  every  stroke  of  the  drill  and  movement  of 
the  jars,  and  interprets  each  vibration  passing  upward  from  a 
thousand  feet  below.  A  tjTO  in  his  place  would  churn  the 
water  without  striking  bottom  and  never  know  it.  When 
no  accidents  delay,  the  drill  cuts  its  way  downward  with 
surprising  rapidity,  making  sometimes  sixty  or  seventy  feet  a 
day.  Every  few  feet  the  bore  becomes  clogged  with  the  chips 
from  the  drill.  The  whole  string  is  then  hoisted  and  the  hole 
cleaned  out  with  the  sand  pump — a  bucket  with  a  suction 
valve  at  the  bottom — and  the  drill  is  again  lowered.  This 
interruption  takes  less  time  than  one  would  suppose.  In 
hoisting  the  string  the  foreman  sits  with  his  left  hand  on  the 
hoist  lever  and  his  right  on  the  brake.  The  scaffold  man 
stands  on  a  platform  in  the  tower  about  the  length  of  a  rod 
above  the  bench.  The  third  man  of  the  shift  stands  at  the 
bench,  catch  wrench  in  hand.  The  string  is  rapidly  hoisted 
by  the  engine;  as  soon  as  the  upper  end  of  the  second  rod 
from  the  top  appears  above  the  bench  the  brake  is  applied  to 
the  hoist,  the  string  stops,  the  second  rod  is  grasped  by  the 
wrench  under  the  collar  of  the  upper  end.  The  weight  of  the 
string  thus  resting,  on  the  wrench  and  bench,  the  scaffold  mail 
and  the  man  at  the  bench  together  uncouple  the  upper  rod 
from  its  connections  above  and  below  and  set  it  at  one  side. 
The  swivel  whirls  down  and  is  coupled  to  the  second  rod,  the 
hoist  lever  is  pulled,  the  string  rises,  the  third  rod  is  caught 
fast,  the  second  uncoupled,  and  so  the  work  goes  on.  To 
hoist  1,600  feet  of  rods  and  tools  needs  only  twenty  minutes 
and  less  time  is  taken  in  lowering  them  again. 

Scarcely  a  well  is  drilled  without  more  or  less  time  being 
lost  on  account  of  accidents.     Fragments  of  rocks  becoming 
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detached  from  the  side  of  the  shaft  fall  and  are  wedged  in 
with  the  string  preventing  the  slips  from  doing  their  work  in 
jarring  loose  the  drill.  As  soon  as  the  drill  stops,  the  sedi- 
ment, with  which  the  water  is  thick,  settles  about  it  fastening 
it  so  securely  that  it  cannot  be  dislodged  without  special 
instruments.  Fishing  for  drills  and  other  lost  tools  is,  on  the 
whole,  the  longest  and  most  costly  part  of  the  operation  of 
drilling  the  average  deep  well. 

Occasionally  the  drill  strikes  a  slanting  crevice  and  slips  to 
one  side.  If  this  difficulty  is  not  met  at  once,  the  boring  is 
deflected  from  vertical  and  the  drill  soon  becomes  fast.  Some- 
time^ the  crevice  can  be  filled  but  usually  it  must  be  passed 
by  a  special  tool  or  by  casing. 

In  no  instance  has  it  been  found  practicable  to  drill  a  deep 
boring  of  the  same  diameter  throughout.  Through  the  inco- 
herent deposits  of  the  Pleistocene  the  bore  is  relatively  large 
— often  ten  or  twelve  inches  in  diameter — and  casing  of  this 
size  is  driven  firmly  into  the  underlying  rock  to  shut  off  all 
surface  and  drift  waters.  In  rare  instances  Pleistocene 
gravel,  mingled  with  the  drillings  from  lower  horizons,  has 
indicated  that  this  work  was  not  effectively  done.  Changing 
the  drill  to  one  of  smaller  diameter,  the  work  proceeds  until 
rock  so  incoherent  or  fissile  is  reached  that  it  caves  into  the 
boring.  The  only  remedy  is  to  case  this  portion  of  the  shaft. 
The  method  of  inserting  the  casing  is  well  told  by  Mr.  Seth 
Dean  *  in  his  description  of  the  Glenwood  well. 

''On  the  lower  end  of  the  pipe  a  cast  steel  shoe  with  a  cut- 
ting edge  was  fitted,  the  outside  diameter  of  the  shoe  being  a 
little  larger  than  the  coupling  bands  that  connected  the  joints 
of  pipe  so  as  to  give  clearance  room.  Fitted  in  this  way  it 
was  possible  to  drive  a  line  of  pipe  through  most  of  the  strata 
after  they  had  first  been  pierced  by  the  drill,  the  shoe  cutting 
out  a  portion  of  the  rock  somewhat  in  the  manner  that  a  car- 
penter enlarges  a  hole  in  a  piece  of  wood  with  a  gouge.  When 
the  harder  beds  of  limestone  were  struck,  the  pipe  was  raised 

*  Proc.  Iowa  OIt.  Enar.  and  Surv.  Boc.    1805,  p.  36. 
33  O  Rep. 
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a  few  feet  with  jacks,  and  the  hole  enlarged  by  what  is  known 

as  an  expansion  reamer,  a  tool  so  constructed  as  to  pass  down 

inside  the  casing  and  open  when  it  meets  with  the  resistance 

afforded  by  the  rock  bed  under  the  pipe.     When  the  friction 

of  the  mass  of  earth  and  shale  against  the  sides  of  the  pipe 

became  so  great  that  it  could  not  be  driven  further  without 

danger  of  crushing  or  collapsing,  it  was  bedded  firmly  in  some 

stratum  of  rock  and  a  pipe  of  smaller  size  inserted  inside  this 

and  driven  in  the  same  way.     The  rate  of  progress  made  in 

driving  pipe  was,  of  coui'se,  dependent  on  the  nature  of  the 

material  being  worked.     Sometimes  in  soft  shales  the  weight 

of  the  pipes  alone  was  enough  to  sink  it,  and  at  other  times 

six  hours'  driving  would  not  settle  it  more  than  three  or  four 

inches.'' 
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DEFINITION  OF  REGION. 

The  area  which  has  been  studied  in  the  preparation  of  the 
following  memoir  lies  in  central  Iowa  and  includes  Mar- 
shall,  Story,  Boone,  Greene,  Guthrie,  Dallas,  Polk  and  Jasper 
counties  and  a  portion  of  Carroll.  Its  geographic  features  are 
represented  upon  the  accompanying  map  (plate  xxvii)  and  its 
relations  to  the  state  as  a  whole,  are  shown  upon  plate  xxvi. 
It  is  an  area  of  prairie  plain  with  moderate  relief,  the  altitude 
varying  from  810  to  1,042.  The  country  rock  of  the  region 
includes  both  the  Des  Moines  and  Missourian  divisions  of  the 
Upper  Carboniferous  and  the  Dakota  formation  of  the  Creta- 
ceous. The  distribution  of  these  beds  may  be  seen  upon  the 
geological  map  of  the  state  published  by  the  Iowa  Survey* 
and  the  details  of  the  geology  may  be  learned  from  the  county 
reports  issued  by  the  same  organization,  t  It  is  intended  here 
to  treat  only  of  certain  specific  problems  connected  with  two 
of  the  drift  sheets  of  the  region ;  for  fuller  details  the  reader 
is  referred  to  the  reports  just  cited,  and  particularly  to  the 
author's  reports  upon  Polk  and  Guthrie  counties.  In  the  fol- 
lowing paper  no  attempt  will  be  made  to  cite  the  portions  of 
each  of  these  reports  which  bear  out  individual  statements 
since  the  number  of  such  citations  would  be  so  great  as  to 
to  become  cumbersome. 

The  author's  particular  studies  have  been  in  Polk  and 
Guthrie  counties,  in  which  he  has  mapped  in  detail  the  surface 
formations,  t  These  counties  lie  on  the  southern  and  south- 
western border  of  the  Des  Moines  lobe,  and  within  their 
borders  the  relations  herein  discussed  were  first  made  out. 
The  remaining  portions  of  the  area  have  been  repeatedly  vis- 
ited, at  times  in  company  with  other  members  of  the  Survey, 
and  the  results  obtained  in  Polk  and  Guthrie  counties  have 
thus  been  compared  with  the  phenomena  in  various  portions 
of  the  larger  area. 

*Iowa  Geol.  Sary.,  yol.  VI,  plate  ▼.    Des  Moines,  1897. 

t Marshall:  (Beyer)  yol.  VII.     Boone;  (Beyer)  vol.  V,  pp.  175-840.    Polk;  (Bain)  vol.  VII. 
Outhrle;  (Baln)Tor.  VIII.    Dallas;  (Leonard)  In  preparation. 

tSee  maps  of  surface  deposits  accompanying  the  county  reports  mentioned. 
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The  region  outlined  includes  the  southern  termination  of  the 
Des  Moines  lobe  of  the  Wisconsin  ice  sheet,  and  it  is  the  rela- 
tion of  the  latter  to  the  outlying  drift  which  it  is  proposed  to 
discuss.  The  Des  Moines  lobe  was  a  long  tongue  of  ice  eighty 
to  100  miles  wide,  running  almost  due  south  from  the  Minne- 
sota line  to  the  central  portion  of  the  state.  It  overrode  and 
buried  certain  earlier  drift  sheets  and  loess  deposits  which 
now  appear  along  its  edge  coming  out  from  under  the  later 
drift.  With  the  exception  of  certain  reconnoissance  work, 
but  little  had  been  done  on  the  drift  of  the  region  previous  to 
the  detailed  work  results  of  which  are  given  herein.  This 
paper  is  in  a  sense  preliminary,  as  not  all  the  area  has  yet 
been  mapped,  but  the  general  results  are  believed  to  be  final. 

Acknowledgments  are  due  to  Dr.  Beyer  and  Mr.  Leonard 
for  field  assistance  and  for  notes  generously  contributed,  and 
to  State  Geologist  Calvin,  of  Iowa  City,  and  Head  Professor 
Chamberlin  of  Chicago,  for  valuable  suggestions  both  in  the 
field  and  the  office.  Professor  Salisbury  of  the  University  of 
Chicago,  has  also  been  so  good  as  to  read  the  manuscript,  and 
has  made  many  valuable  suggestions  and  criticisms. 

DEFINmON  OF   TERMS. 

In  the  earlier  geological  work  in  this  region  no  attempt 
was  made  to  separate  the  drift  into  different  formations.  As 
was  true  in  all  the  work  of  the  period  the  attention  was  con- 
centrated upon  the  underlying  rocks  and  the  drift  received 
but  little  attention.  Nicollet*  speculated  some  upon  the 
origin  of  the  boulders.  Owent  recognized  and  correctly 
interpreted  the  loess  along  the  Des  Moines  river,  and  made 
many  observations  of  value  upon  the  drift  throughout  the 
state.  The  Hall  survey^  neglected  entirely  the  superficial 
deposits  and  did  little  within  the  area  outlined.  White§ 
studied  both  the  drift  and  the  loess.  In  consonance  with  the 
thought  of  the  time  the  drift  was  treated  by  him  as  a  single 

*  Sen.  Doc.,  26th  Oong  ,  2d  Sess  ,  yol.  V,  pt.  11.  No.  837.    Washington,  1641. 
t  Oeol.  Bury.  Wis.,  Iowa  and  Minn.,  p.  181.    1858. 
t  Geol.  Iowa.,  vol.  I,  pts.  1  and  11.    Albany,  1869. 
6  Geol.  Iowa,  vols.  I,  II.    1870. 
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formation.  Such  differences  as  were  noted  in  the  distribution 
of  the  boulders  and  in  the  character  of  the  drifts  were  explained 
by  other  hypotheses.  The  striking  diflPerences  at  Des  Moines 
were  supposed  to  be  the  result  of  a  change  in  the  direction 
of  the  ice  currents.*  Many  observations  upon  the  drift  were 
published  and  these  have,  to  some  extent,  formed  the  basis  of 
later  generalizations.  All  these  earlier  investigations  were 
pursued  under  severe  limitations  as  regards  time  and  money, 
and  it  was  but  natural  that  the  rich  field  of  Pleistocene  geol- 
ogy should  be  passed  over  for  the  better  known  problems  con- 
nected with  the  indurated  rocks. 

In  the  neighboring  states  and  throughout  America  it  was 
long  after  the  glacial  nature  of  the  drift  was  accepted  that 
the  complexity  of  the  processes  through  which  it  originated 
was  fully  recognized.  It  was  long  the  custom,  and  it  is  one 
perhaps  not  yet  wholly  obsolete,  to  consider  the  glacial  period 
as  consisting  of  (1)  a  time  of  transition,  (2)  the  glacial  period 
proper,  (3)  the  Champlain  epoch  of  submergence  and  melting, 
and  (4)  the  recent  epoch  of  terrace  work  and  stream  cutting. 
As  the  studies  became  more  detailed  and  the  results  were 
better  organized,  it  became  recognized  that  the  simplicity  of 
this  classification  was  not  in  accord  with  the  complexity  of 
the  facts.  At  several  points  opposing  phenomena  were  noted, 
and  several  observers  at  about  the  same  time  began  to 
emphasize  the  necessity  for  finer  discriminations.  The  pioneer 
in  this  work  was  Professor  T.  C.  Chamberlin  who,  in  the  course 
of  his  work  in  Wisconsin,  recognized  two  well-marked  divi- 
sions in  the  drift  series;  the  later,  or  inner  drift,  being  bor- 
dered by  the  Kettle  moraine.  In  the  final  reports  of  the  Wis- 
consin Survey  he  definitely  recognized  two  drift  sheets,  t 
though  in  the  earlier  descriptive  portions  of  the  reports  no 
such  distinction  was  observed.  In  a  paper  read  before  the 
International  Congress  of  Geologists  at  Paris  in  August,  1878,  i 

•  Op  clt.,  vol.  I,  p.  91. 

t  Geol.  Wisconsin,  vol.  I.  pp.  271,  272     1888. 

X  La  Moraine  terminal  du  Amerlque  du  Nord,  Oompte  Benda  Oong.  International  G^ol. 
Paris,  1878. 
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he  correlated  the  Kettle  moraine  of  Wisconsin  with  certain 
moraines  in  the  other  states,  including  Iowa,  and  gave  an 
approximate  outline  of  the  Des  Moines  lobe.  This  outline 
was  based  in  part  upon  personal  observations  and  in  part 
upon  information  derived  from  the  reports  of  the  White  sur- 
vey. An  earlier  paper,*  revised  and  published  in  English 
about  1878,  contained  much  the  same  matter.  The  drift 
within  the  Kettle  moraine  was  recognized  as  distinctively  later 
than  that  without,  and  an  interglacial  interval  of  unknown 
extent  was  tentatively  suggested.  It  is  this  later  drift  which 
is  now  known  as  the  Wisconsin  and  the  earlier  which  is  recog- 
nized as  Kansan. 

At  about  the  same  time  Mr.  W  J  McGee  was  carrying  on 
his  studies  of  the  Pleistocene  in  northeastern  Iowa.  In  a 
series  of  papers,  t  extending  from  1878  to  1893  when  his  mono- 
graph upon  the  region  was  issued,  he  showed  that  the  forest 
bed  found  in  the  region  was  a  definite  horizon  and  that  two 
drift  sheets  were  present. 

In  1882,  apparently  the  upper  drift  of  northeastern  Iowa 
was  considered  to  be  the  same  as  that  contained  within  the 
Kettle  moraine,  t  It  was  not  until  later  that  the  difference  in 
age  was  appreciated.  Eventually  McGee 's  upper  till  became 
the  lowan,  and  his  lower  till  has  very  naturally  been  consid- 
ered to  be  the  Kansan. 

THE  DES  MOINES  LOBE. 

Earli/  work. — White§  in  his  summary  of  results  doubtfully 
recognized  certain  ranges  of  hills  as  morainic.  Among  them 
was  Mineral  Ridge  in  Boone  and  Story  counties,  now  known 
to  form  a  portion  of  the  Gary  moraine,  and  certain  hills  in 
Hancock  county  belonging  to  the  Altamont  moraine.     No 

*  On  the  Extent  and  Significance  of  the  Wisconsin  Kettle  Moraine,  Trans.  Wisconsin 
Acad.  Scl.,  Arts  and  Letters,  vol.  IV,  pp.  201-234.    1876-77. 

t  Amer.  Jour.  Set ,  (3),  XV.  339-341,  1878;  Proc.  Amer.  As  Adv.  Scl.  XXVIl,  108-231,  1878; 
Amer.  Jour.  Scl .  (3).  XVlLl,  301-30),  1879;  Geol.  Mag  ,  (2).  VI,  3^3-^32,412-420, 1870;  Proc.  Iowa  Acad. 
Scl.  1875-1880,  19,1880;  Ibid.,  25  1880;  Bull.  Philos.  See.  Washington,  VI.  93-97. 1883;  Pam  14  pp., 
1884;  Trans.  Iowa  State  Hort.  Soc,  XV  r,  227-240, 1884;  Proc.  Amer.  As.  Adv.  Scl.,  XXXVII,  Itt- 
249, 1890;  The  Pleifttocenc  HUftory  of  Northeastern  lotra,  U.  B.  Geol.  Burv.,  Eleventh  Ann.  Bept., 
190-577,  (1891)  1893. 

t  Am.  Jour.  Scl.,  (3),  XXIV,  pp.  204,  206,  215.  222. 

6  Geol.,  Iowa,  vol.  I,  p.  98.    1870. 
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attempt  was  made  to  trace  these  ridges  from  point  to  point, 
and  their  significance  was  not  at  that  time  fully  recognized. 
Chamberlin  was,  as  has  been  seen,  the  first  to  draw  a  crude 
outline  of  the  Des  Moines  lobe.  He  regarded  Mineral  Ridge 
as  marking  its  southern  limit.*  The  range  of  hills  was 
described  as  not  being  continuous  and  well  defined,  but  sug- 
gestive rather  of  a  half  buried  moraine.  The  presence  and 
significance  of  the  lakes  within  the  area  was  recognized,  and 
the  fact  that  outside  the  moraine  the  existing  surface  contour 
was  formed  in  the  presence,  and  to  some  extent,  under  the 
modifying  influences  of  a  fairly  established  drainage  system, 
while  in  the  interior  the  drainage  system  has  not  even  yet 
become  fully  established,  was  definitely  stated. 

In  1880  Mr.  Warren  Upham,  in  connection  with  his  work  in 
Minnesota,  traced  out  definitely  the  limits  of  the  Des  Moines 
lobet  and  to  him  our  knowledge  of  it  is  mainly  due.  He 
recognized  a  continuous  moraine,  now  known  as  the  Altamont,t 
around  most  of  the  border  of  the  lobe,  though  the  extreme 
southern  limit  was  not  visited.  Mineral  Ridge  was  considered 
to  be  most  probably  an  inner  belt  of  the  terminal  moraine. 
This  inner  moraine  is  now  known  as  the  Gary.  The  Altamont 
moraine  was  studied  by  him  in  this  region  at  Coon  Rapids  and 
in  neighboring  portions  of  Guthrie  and  Carroll  counties. 

Subsequently  the  southern  limit  of  the  lobe  was  studied  by 
McGee  and  Call,§  while  general  correlations  of  interest  in 
this  connection  have  been  published  by  Chamberlin.  Ij 

Topography, — The  area  included  within  the  Des  Moines 
lobe  has  the  characteristic  drift-plain  topography  well  devel- 
oped. The  landscape  shows  a  predominant  flatness.  There 
are  no  prominent  elevations  and  no  marked  valleys.  In  detail 
the  flat  plain  breaks  up  into  a  series  of  low,  rounded,  often 
circular  swells,  irregularly  disposed,  and  separating  a  series 

*  On  the  Extent  and  Significance  of  the  Wisconsin  Kettle  Moraine,  p  15. 

tOeol.  Nat.  Hist.  Surv  ,  Minnesota,  Ninth  Ann.  B«pt.  (1880),  pp  298-314 

4:0hamberlln:   Third  Ann  Rep.  U.  S.  Oeol.  Surv.,  p.  888.    1888. 

8Loc-  clt. 

in.  8.  Geol.  Surv.,  Third  Ann.  Rept.,  pp.  281-404.  1883.  Ibid  ,  Seventh  Ann.  Rept.,  pp.  147- 
848.    1888. 
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of  interlocking  saucer-shaped  basins  which  are  in  contour  the 
reverse  of  the  swells.  The  relief,  except  near  the  larger  streams, 
is  slight  and  is  normally  less  than  thirty-five  feet.  The  low 
swells  do  not  have  sharp  contours  and  are  hardly  pronounced 
enough  even  to  deserve  the  name  of  hills.  They  have  little 
individuality  and  are  not  arranged  according  to  any  order  or 
system.  Between  them  lie  ill-defined  basins  occupied  usually 
by  shallow  ponds,  swamps  or  swales — areas  of  slough  or  shal- 
low water.  There  are  very  many  basins  without  outlets  and 
the  whole  is  clearly  a  region  of  immature  drainage.  x\t  many 
points  springs  and  shallow  artesian  wells  attest  the  super- 
abundance of  water.  The  streams  present  are  usually  small. 
They  wander  aimlessly  through  the  basins  and  are,  in  most 
instances,  finally  lost  in  some  small  swamp  or  miniature  lake. 
Much  of  the  land  is  not  suflBiciently  drained  to  allow  cultiva- 
tion, and  much  more  is  worked  only  as  a  result  of  artificial 
drainage.  The  larger  streams,  such  as  the  Des  Moines  river, 
have  narrow  recent  channels  and  very  limited  tributary 
drainage.  Near  the  edge  of  the  area  some  of  the  rivers, 
among  them  the  Skunk,  flow  in  wide  old  valleys,  but  even  in 
such  a  case  the  tributary  drainage  is  very  slight.  The 
numerous  lakes  and  ponds,  the  undrained  sloughs,  the  peat 
bogs,  the  narrow  river  valleys,  the  incomplete  drainage,  the 
undissected  upland  between  the  rivers,  some  of  which  flow  200 
feet  below  the  general  plain,  and  many  other  features  all 
point  to  one  conclusion — that  the  topography  is  extremely 
young  and  that  it  was  formed  by  glacial  agencies. 

The  drift. — The  sheet  of  till  which  was  formed  by  the  Des 
Moines  lobe  of  the  Wisconsin  ice  possesses  certain  character- 
istics which  usually  allow  its  ready  recognition.  They  are 
not  always  so  distinctive  as  sharply  to  diflferentiate  it  from 
the  till  of  the  other  ice  sheets,  and  in  such  cases  attendant 
phenomena  must  be  relied  upon  in  making  the  discrimination. 
In  general,  however,  the  till  itself  is  such  as  to  prevent  con- 
fusion. As  seen  near  Des  Moines,  the  Wisconsin  till  usually 
shows  a  buflf  color  at  surface  exposures.     It  has  much  the 
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same  color  as  the  loess  and  is  in  this  regard  sharply  contrasted 
with  the  reddish  brown  common  at  the  surface  of  the  Kansan, 
as  well  as  the  yellow,  which  usually  marks  the  lowan.  When 
the  Wisconsin  is  buried  the  color  is  usually  a  drab  or  gray. 
The  pebbles  contained  in  it  are  very  largely  fresh  and  hard, 
and  show  very  little  weathering.  This  is  true  of  those  occur- 
ring in  all  portions  of  the  till.  There  are  some  which  show 
advanced  stages  of  decay  but  the  proportion  is  relatively 
small.  It  is  believed  that  many  of  the  decayed  pebbles  were 
derived  from  the  older  drift  and  have  merely  been  worked 
over  into  the  newer.  As  contrasted  with  the  Kansan  drift  the 
Wisconsin  contains  less  local  material,  but  if  the  two  sorts  of 
material  occurring  in  the  Wisconsin  itself  be  compared,  the 
proportion  which  is  extra-limital  is  found  to  be  much  inferior 
to  that  which  might  have  come  from  within  the  state.  Lime 
concretions,  such  as  are  known  as  loess-kindchen  when  found 
in  the  loess,  are  widely  distributed  in  the  Wisconsin  drift, 
whereas  localities  at  which  they  occur  to  any  extent  in  the 
Kansan  are,  in  this  region  at  least,  quite  rare.  Occasionally, 
not  only  pebbles  derived  from  the  lower  drift  are  incorporated 
in  the  upper,  but  blocks  of  the  lower  till  itself.  In  such  cases 
the  newer  drift  frequently  shows  foliation  around  the  older 
material. 

As  contrasted  with  the  Kansan,  the  Wisconsin  drift  is  char- 
acterized by  numerous  surface  boulders.  In  this  vicinity 
these  are  not  usually  so  large  nor  are  they  so  numerous  as 
over  areas  covered  by  the  lowan  in  eastern  Iowa,  and  yet  they 
often  afford  a  valuable  means  of  discrimination.  In  the 
region  studied,  one  of  the  most  ready  means  of  recognizing 
the  Wisconsin  drift  is  the  absence  of  the  covering  of  loess 
which  is  so  universal  throughout  the  Kansan  areas.  The 
absence  of  loess  is  a  general  characteristic  of  the  Wisconsin* 
and  in  this  regard  the  formation  as  exposed  near  Des  Moines 
has  the  normal  characteristics.  At  a  few  points  a  thin 
surface  sheet  of  silt  of  undetermined  origin  occurs,  but  in 

Salisbury :  Jour.  Geology,  yol.  IV,  p.  020-937.  1806.    OhamberllD :  Third  Ann.  Kept.  U.  S. 
Geol.  Sury.,  p.  305.   1883. 
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most  instances  the  pebbles  of  the  drift  are  turned  up  by  the 
plow. 

The  drift  border. — Pei-haps  the  most  characteristic  and  sig- 
nificant feature  of  the  Wiaconsin  drift  of  the  region,  aside 
from  its  topography,  is  the  character  of  its  border.  That  the 
Wisconsin  was  a  moraine-forming  ice  sheet  is  shown  wherever 
deposits  of  this  age  occur.*  This  feature  is  characteristic 
of  the  Des  Moines  lobe  down  almost  to  its  termination.  In 
Guthrie  county  the  moraine  is  in  places  quite  well  developed 
though  it  is  not  continuous.     In  Polk  and  Dallas  counties 
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there  is  nothing  answering  to  a  moraine.  The  drift  becomes 
thinner  and  thinner  until  it  disappears  altogether.  This  is 
not  a  result  of  later  erosion  as  is  readily  determined  in  the 
field,  but  it  is  an  original  difference.  It  forms  a  notable 
exception  to  the  border  of  the  rest  of  the  lobe  and  of  the  Wi8- 
eonsin  drift  in  general. 

Karnes  have  been,  to  some  extent,  developed  in  connection 
with  the  Wisconsin  ice.  In  Polk  county  there  are  no  well 
defined  kames  near  the  ice  edge,  but  near  High  Bridge  and 
Corydon,  some  ten  to  fifteen  miles  back  from  the  edge,  they 

•Ch  mberlln:  Third  Ann.  Sept.    U.  6.  Oeol  Bnrr..  pn.ISl-lH    1B8S. 
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occur.  The  Kelsey  kame  is  quite  perfectly  developed.  It 
stands  upon  a  drift  plain  which  is  about  150  feet  above  the 
Des  Moines  liver.  The  plain  ia  fairly  smooth  and  is  dotted 
with  swales  some  of  which  contain  small  ponds,  one  being 
represented  in  figure  45.  Above  this  plain  the  kame  rises 
forty  feet.  It  forms  an  irregular  ridge  three-quarters  of  a 
mile  long  and  a  little  more  than  one-quarter  wide.  At  its 
southern  end,  and  partially  separated  from  it,  is  an  oval  hill 
which  does  not  rise  quite  so  high.  The  upper  surface  of  the 
kame  is  smooth  but  is  somewhat  hummocky.  Its  direetiou  is 
not  rectilinear  but  sinuous.     It  is  cut  off  rather  abruptly  at 
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the  ends  and  the  whole  ridge  forms  a  prominent  landmirk. 
It  general  appearance  from  the  west  is  shown  in  figure  4(5. 

In  composition  the  kame  is  made  up  of  Wisconsin  material. 
Large  boulders  are  found  on  its  surface,  and  pits  at  three 
points  show  that,  to  a  depth  of  four  feet  at  least,  it  is  made 
up  of  coarae  water-laid  gravel.  Stratification  is  partial  only. 
The  pieces  of  gravel  are  one-half  to  three-quarters  of  an  inch 
or  more  in  diameter.  The  kame  is  manifestly  the  result  of 
combined  ice  and  water  work  and  is  better  developed  than 
any  other  known  to  occur  in  central  Iowa.  Others  of  less 
perfect  form  occur  near  Crocker  in  Polk  county,  and  Paaora 
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in  Guthrie.  Opposite  the  latter  place  on  the  main  Guthrie 
Center  road,  water-laid  gravels  of  kame-like  character  are 
found  well  toward  the  top  of  the  hill.  The  gravels  are  shown 
at  several  points  in  the  vicinity,  and  at  one  or  two  take  an 
imperfect  kame-like  form  with  a  general  northwest-southeast 
direction  of  axis.  South  of  town  and  at  lower  levels,  though 
considerably  above  the  terrace  found  along  the  river,  are  sim- 
ilar kame-like  aggregations.  In  other  portions  of  the  state 
large  and  well  developed  kames  are  found  along  the  edge  of 
the  Des  Moines  lobe. 

Within  the  area  studied  overwash  plains  have  not  been 
found  to  any  great  extent,  though  a  faint  expression  of  the 
overwash  occurs  along  the  drift  border  on  the  low  plain 
between  Capitol  Hill  and  Fair  Ground  Ridge  at  Des  Moines.  In 
Beaver  and  other  abandoned  portions  of  the  older  Des  Moines 
valley  there  are  gravel  and  sand  accumulations  aside  from 
the  ordinary  river  terraces.  The  material  in  all  these  cases 
is  coarse  and  shows  stratification  which  is  furthermore 
marked  by  cross-bedding. 

Gravel  trains  constitute  one  of  the  most  obvious  phenomena 
connected  with  the  Wisconsin  border.  The}'^  are  found  all  along 
the  southern  edge  of  the  Des  Moines  lobe  stretching  down 
the  rivers  whose  head  waters  were  cut  off  by  the  ice.  They 
occur  in  Polk  county  on  Camp,  Mud  and  Four  Mile  creeks, 
and  on  the  Des  Moines  river.  In  the  counties  farther  west 
the  Raccoon  bottoms  are  underlain  by  gravel.  In  all  these 
cases  the  material  is  firm  and  hard  and  the  pebbles  are  of  the 
sort  found  in  the  Wisconsin  drift.  Occasionally  boulders, 
which  might  have  come  from  the  Kiansan,  are  incorporated. 
In  the  case  of  Four  Mile  creek  and  the  Des  Moines  river  the 
gravel  trains  may  be  traced  up  the  valley,  taking  the  form  of 
a  terrace  for  several  miles  inside  the  drift  limits. 

The  gravel  terraces  are  not  conspicuous  features.  They 
are  frequently  covered  in  their  lower  portions  by  later  allu- 
vium, as  at  the  Avon  gravel  pits,  or  they  rise  ten  to  twelve 
feet  above  the  modern  bottom  land,  as  at  the  newly  opeii^^ 
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pits  in  Highland  P^rk.  Their  origin  as  valley  trains  is  better 
seen  in  Polk  than  in  Guthrie  county.  In  the  latter  the  edge 
of  the  Wisconsin  ice  stood  approximately  parallel  to  the  Mid- 
dle Raccoon  river,  and  the  drainage  was  effected  by  the  latter. 
Instead  of  a  gravel  train  there  is,  in  this  valley,  a  well- 
developed  gravel  terrace.  It  rises  usually  twenty-five  to 
thirty  feet  above  the  river  and  may  be  seen  very  sharply 
defined  at  Rocky  Bluff,  near  Fansler,  in  the  vicinity  of  Clark's 
mine  (Tp.  80,  N.,  R.  XXXI  W.,  Sec.  24,  Ne.  qr.),  and  near 
Panora.  It  is  usually  about  a  quarter  of  a  mile  wide  and  is 
clearly  a  terrace  of  aggradation.*  The  material  of  which  it 
is  composed  is  moderately  coarse  water-laid  gravel  with 
more  or  less  coarse  sand.  In  this  region  it  contains  a  large 
amount  of  material  derived  from  the  Cretaceous  gravel  beds, 
but  in  all  other  respects  it  is  similar  to  the  gravel  trains  and 
corresponding  terraces  in  Polk  county. 

These  gravel  trains  show  the  same  relations  to  the  drift 
border  and  are  in  all  essential  particulars,  save  the  feebleness 
of  their  development,  similar  to  those  which  are  so  charac- 
teristic of  the  Wisconsin  drift  in  other  states.  In  Wisconsint 
the  Green  Bay  glacier  filled  up  the  old  valley  of  Rock  river 
to  a  depth  of  350  feet  (including  earlier  drift)  with  a  deposit 
of  finely  assorted  sand  and  gravel,  producing  a  level  plain 
three  to  five  miles  wide  and  extending  forty  miles  or  more 
southward  from  the  moraine.  The  Iowa  gravel  trains  rarely 
extend  ten  miles  from  the  drift  border  and  do  not  often,  so  far 
as  can  be  positively  known,  show  a  thickness  of  more  than 
thirty  feet  of  gravel. 

As  has  been  suggested,  some  of  these  trains  are  found  not 
only  outside  the  area  covered  by  the  Wisconsin  ice,  but  they 
may  be  followed  up  the  streams  to  well  within  the  Wisconsin 
area.  The  gravel  trains  of  Camp  and  Mud  creeks  are 
abruptly  terminated  at  the  upper  end  by  the  Wisconsin  till. 
This  is  not,  however,  true  of  those  of  Four  Mile  creek,  and 
the  Des  Moines  river.     The  pits  of  the  Chicago  Great  Western 

*  Salisbury:    Geol.  Sarv.  N.  J.,  Ann.  Bept.  1893,  pp.  102-105.    1893. 
t  Ohamberlin:  Geol.  Wisconsin,  I,  t84.    1888. 
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railway  at  Berwick,  are  about  six  miles  within  the  limits  of 
maximum  extension  of  the  ice.  The  Polk  City  pits  are  fully 
twice  as  far  from  the  drift  border,  and  the  gravels  are  present 
along  the  Des  Moines  river  well  up  toward  High  Bridgre. 

Along  the  Delaware  river  a  somewhat  similar  series  of 
phenomena  occur.  The  explanation  in  this  case  has  been 
worked  out  by  Salisbury.*  The  deposit  on  the  Dela- 
ware is  not  a  single  continuous  train,  but  is  rather  a  series  of 
individual  trains  each  of  which  was  formed  successively 
farther  up  the  river,  ancJ  each  corresponding  to  one  of  a  series 
of  moraines  of  recession.  Apparently  this  explanation  is 
equally  good  for  the  case  in  hand,  except  that  here  all  the 
phenomena  are  more  feebly  developed,  and  there  are  no 
moraines.  The  ice  seems  to  have  retreated,  not  by  definite 
stages,  but  continuously,  so  that  the  terrace  is  practically 
unbroken.  That  there  were  minor  stages  in  the  retreat  is  of 
course  altogether  probable,  and  future  study  may  render  it 
possible  to  discriminate  them. 

There  is  a  well  marked  forest  bed  which  is  frequently 
encountered  in  wells  all  along  the  edge  of  the  Wisconsin  drift. 
North  of  Yale,  in  Guthrie  county,  the  Eastwood  well  passed 
through  two  feet  of  wood  and  muck  with  drift  below.  Near 
Berwick,  in  Polk  county,  the  forest  bed  is  frequently 
encountered,  and  at  many  points  within  the  area  studied  it  is 
present.  It  seems  in  this  place  to  mark  a  definite  stratigraphic 
plane,  the  base  of  the  Wisconsin  drift. 

Relations  to  the  loess. — Loess  of  normal  character  and  abun- 
dantly f ossilif erous  is  found  around  the  southern  edge  of  the 
lobe.t  It  does  not  occur  within  the  limits  of  the  lobe,  but  is 
in  these  counties  everywhere  present  without  it.  It  spreads 
out  in  a  thin  sheet  over  the  outlying  drift,  covering  the  hills 
and  running  down  into  the  valleys.  Such  a  relation  is  sus- 
ceptible of  two  interpretations.  The  loess  may  have  been 
washed  out  from  the  front  of  the  ice  and  deposited  around  it-s 

*Geol.  Surv..  N.  J.,  Ann.  Bept.,  1894,  pp.  21-83.    1895. 

tTt  has  been  especially  described  by  Gall:  Amer.  Nat.,  XV,  585-536,  782-784.  1881^  Ibid, 
XVI,  369-891,  542-5IP.    1882. 
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edge,  or  it  may  have  been  previously  present  and  overriden 
by  ice  and  buried  beneath  the  later  drift.  Upham  was 
inclined  to  the  former  view.  He  suggested*  that  the  pres- 
ence of  the  loess  immediately  west  of  the  moraine  in  Guthrie, 
Carroll,  Sac  and  Buena  Vista  counties,  and  the  fact  observed 
by  him  that  in  places  the  loess  rises  fifty  feet  above  the  drift 
hills,  proved  the  contemporaneity  of  the  loess  and  the 
moraine.  '  To  the  writer  it  does  not  seem  that  this  interpre- 
tation is  necessary  or  indeed  well  in  accord  with  the  other 
observed  phenomena. 

In  Guthrie  and  the  other  counties  studied  no  cases  have 
been  observed  in  which  the  loess  stands  higher  than  the 
Wisconsin  drift.  Such  phenomena,  if  present,  would  how- 
ever be  equally  susceptible  of  explanation  by  the  second 
hypothesis.  There  seems  no  necessity  for  assuming  that  the 
ice  was  present  and  acted  as  a  retaining  wall  at  the  time  of 
the  loess  deposition.  The  deposit  laps  up  over  and  covers 
the  Missouri-Mississippi  divide  which  lies  west  of  the  moraine; 
the  two  being  in  this  region,  roughly  parallel.  The  land  rises 
from  the  east  to  the  divide,  and  this  was  apparently  true 
before  the  Wisconsin  ice  invaded  the  region.  The  land  west 
of  the  moraine  would,  therefore,  be  expected  to  be  higher, 
and  where  the  moriane  approaches  the  divide,  the  difference 
might  be  locally  great.  This  would  be  equally  true  if  the  rise 
to  the  west  were  mainly  a  function  of  recent  elevation,  for 
which  belief  there  is  some  evidence.  In  either  case,  if  the 
loess  were  older  than  the  Wisconsin  drift,  the  fact  would 
afford  a  satisfactory  explanation  of  its  local  elevation  above 
the  drift  plain. 

If  the  explanation  offered  by  Upham  be  the  correct  one,  it 
would  be  expected  that  the  loess  should  be  found  along  the 
eastern  front  of  the  moraine  as  well  as  its  southern  and 
western.  That  it  does  not  occur  in  this  position  has  been 
shown  by  Calvin  in  his  report  on  Cerro  Gordo  county,  t  The 
loess  is  well  developed  outside  the  Des  Moines  lobe,  where 

*Geol.  Nat.  Hint.,  Sarv.,  Minoesota,  1880,  p.  339. 
tlowa  Geol.  Surv.,  vol.  VI[. 
35  G.  Bep. 
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the  latter  has  overlapped  the  lowan,  but  not,  so  far  as  now 
known  elsewhere. 

Again,  it  has  just  been  shown  that  the  Wisconsin  drift  is 
persistently  fringed  by  gravels  and  similar  deposits  indicative 
of  free  drainage,  whereas  the  loess  is  itself  indicative  of  con- 
ditions under  which  the  water  could  not,  or  at  least  did  not, 
carry  anything  but  the  finest  material.  The  two  deposits  are 
mutually  antagonistic.  A  drift  sheet  which  is  constantly 
fringed  by  gravel  is  to  be  differentiated  from  one  constantly 
fringed  by  loess.  Loess  and  gravel  require  different  condi- 
tions for  their  deposition.  The  general  attitude  of  the  land 
was  in  one  case  such  as  to  make  vigorous,  and  in  the  other 
sluggish  streams.  This  is  not  of  course  to  be  interpreted  as 
meaning  that  local  exceptions  may  not  occur,  but  applies  to 
causes  where  the  conditions  along  the  entire  drift  border  are 
taken  into  account.  In  the  case  in  hand  there  is  the  addi- 
tional fact  that  the  loess  passes  directly  under  the  Wisconsin 
drift  whenever  the  relations  have  been  made  out. 

In  1882  Messrs.  McGee  and  Call,*  in  a  valuable  and  sug- 
gestive paper,  brought  out  the  fact  that  at  Des  Moines  the 
loess  passes  under  the  upper  drift,  which  is  now  known  as  the 
Wisconsin.  Since  knowledge  of  the  drift  formations  was  not 
then  so  well  organized,  the  fact  was  interpreted  as  being  of 
local  import  only  and  as  due  to  a  slight  re-advance  of  the  ice. 
By  inference  the  loess  was  correlated  with  the  Wisconsin,  since 
the  upper  drift  of  McGee,  which  we  now  know  as  the  lowan, 
was  distinctly  stated  to  occur  south  of  the  city.  In  the  course 
of  the  present  work  the  fact  that  the  loess  passes  under  the 
Wisconsin  as  stated  by  McGee  and  Call  has  been  abundantly 
verified.  The  exposures  mentioned  by  the  authors  are  now 
obscured,  but  others  equally  good  may  be  found  wherever  the 
drift  on  either  the  West  Hill  or  in  Highland  Park  is  dug* 
through.  During  the  summer  of  1896  the  relations  were  par- 
ticularly well  shown  at  the  top  of  the  Sixth  Avenue  hill,  in  the 
cuts  along  Grand  Avenue,  near  Greenwood  Park,  and  in  the 

•  Amer.  Jour.  8cl.  (3),  XXIV,  808-283. 
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street  railway  cuttings  in  Hamilton  street  in  Oak  Park,  Des 
Moines.  The  relations  are  unmistakable,  and  the  facts  may 
be  verified  at  any  time.  The  upper  drift  is  quite  distinctive, 
and  the  buried  loess  may  be  recognized  with  equal  ease,  par- 
ticularly as  it  is  very  frequently  f ossiliferous. 

The  relations  found  to  obtain  in  the  city  are  equally  true  of 
the  loess  to  the  north.  In  the  wells  near  Saylor,  in  Polk 
county,  the  normal  section  is  as  follows. 

3.    Yellow  and  blue  boulder  clay 

2.    Fine  pebbleless  clay  with  shells. 

1 .    Blue  clay  with  pebbles  and  streaks  of  gravel. 

Loess  fossils  have  been  obtained  from  No.  2  of  this  section 
at  several  points.  On  the  farm  of  Mr.  Tom  Saylor,  thirty 
feet  of  pebbleless  clay  containing  ''periwinkle  shells"  is 
reported  below  twenty-two  feet  of  Wisconsin  drift,  which 
forms  the  surface  soil.  Near  the  mouth  of  Beaver  creek  a 
roadside  ravine  shows  the  loess,  with  its  usual  characteristics, 
outcropping  below  the  drift.  The  same  phenomena  may  be 
seen  along  the  Des  Moines  river  valley  west  of  Polk  City.  In 
Guthrie  county  the  kame  gravels  west  of  Panora  are  clearly 
deposited  over  the  loess,  and  well  records  near  Herndon,  as 
well  as  at  certain  points  in  Dallas  county,  show  that  the  loess 
extends  back  under  the  drift  for  fifteen  or  twenty  miles  at 
least.  In  view  of  these  facts,  and  the  phenomena  are 
believed  to  be  general,  it  is  clear  that  the  loess  is  earlier  than 
the  Wisconsin  drift,  and,  if  differences  in  surface  erosion  be 
taken  as  a  guide,  it  must  be  considered  to  be  considerably 
more  ancient. 

THE  OUTLYING  DRIFT. 

General  characteristics. — The  outlying  drift  is  that  known 
as  the  Kansan.  The  lowan  does  not  appear  upon  the  south- 
ern and  southwestern  borders  of  the  Des  Moines  lobe.  The 
drift  present  agrees  in  character  with  that  which  has  been 
called  Kansan  by  the  Iowa  Survey.*    It  is  fundamentally  a 

•Norton:  Iowa  Oeol.  Surv.,  IV,  169.  1805.  Bain:  Ibid.  V,  15S.  1808.  Beyer:  Ibid.  V.S03. 
1800.    OalTln;   Ibid.  V,  08.    IKOO. 
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blue  boulder  clay  weathered  above  into  a  yellow,  which  in 
turn  is  usually  a  deep  reddish  brown  at  the  surface.  It  con- 
tains a  large  proportion  of  pebbles  derived  from  local  sources, 
with  many  varieties  irom  outside  the  state.  An  examination 
at  one  point  showed  quartzite,  probably  from  the  Sioux  for- 
mation, sandstone  from  the  Cretaceous,  quartz  pebbles  from 
the  same  formation,  shale  and  limestone  from  the  coal  meas- 
ures, light  gray  granites,  pink  quartz,  porphyry,  green- 
stones, vein  quartz  and  other  varieties  of  rock  from  outside 
the  state.  Another  examination  showed  bits  of  chert,  lime- 
stone, sandstones,  coal,  quartzite,  badly  weathered  gra}'^  gran- 
ite, diabase,  fine-grained  greenstone,  mica-schist,  dark  green 
slate,  etc. 

The  greenstones  are  predominant  among  the  particles 
from  foreign  sources.  The  pebbles  are  largely  striated  and 
flattened,  much  more  frequently  than  in  the  case  of  the 
Wisconsin.  The  granite  boulders  are  badly  rotted  and  easily 
break  to  pieces.  The  upper  surface  of  the  drift  shows  marked 
f  errugination  and  leaching.  The  f  errugination  has  gone  on  to 
such  an  extent  that  the  horizon  is  a  dark  reddish  brown  and 
resembles  in  color  the  red  fields  of  the  south.  It  is  easily 
recognized  when  seen  in  road  cuts  some  distance  away,  and 
is  a  convenient  horizon  of  reference  in  field  work.  The  red 
color  fades  gradually  below,  but  it  is  cut  off  sharply  above 
when  the  Kansan  is  covered  by  loess  or  later  material.  The 
drift  has  suffered  prolonged  leaching  as  acid  tests  show  no 
reaction  to  a  depth  of  several,  in  places  as  much  as  fourteen, 
feet.  In  the  case  of  the  Wisconsin  and  even  the  lowan,  reac- 
tion may  usually  be  obtained  up  even  to  the  grass  roots. 

The  till  has  all  the  physical  characteristics  of  an  old  drift 
long  exposed  to  weathering  agencies  iii  situ.  In  these  par- 
ticulars it  is  contrasted  not  only  with  the  Wisconsin  but  with 
the  lowan  as  found  in  eastern  Iowa.  The  latter  is  likewise 
of  different  color,  a  light  yellow,  carries  many  large  surface 
boulders,  shows  many  fresh  cobbles,  and  only  a  few  that  are 
badly  decomposed.      It  has  a  smaller  percentage  of  local 
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material  and  a  higher  percentage  of  gray  granite,  and  shows 
almost  no  leaching  or  ferrugination.  Upon  these  differences 
alone  there  would  be  ground  for  separating  the  two. 

Topography, — The  topography  gives  farther  warrant  for 
such  a  separation.  That  of  both  drift  sheets  is  a  river  erosion 
topography  and  the  drainage  is  complete.  The  Kansan  topog- 
raphy has,  however,  a  much  greater  relief  than  the  lowan. 
The  latter  is  characterized  by  a  series  of  wide,  shallow  river 
valleys  having  no  river  trenches.  The  marked,  though  not 
easily  expressed,  contrast  between  the  typical  river  valley  of 
the  lowan  drift  and  that  of  the  Kansan  affords  an  excellent 
means  of  discriminating  the  two. 

The  land  forms  in  the  area  covered  by  the  Kansan  are,  as 
has  been  said,  erosion  forms.  They  have  been  developed  upon 
the  drift  surface  by  the  action  of  weathering  and  running 
water.  In  part  this  water  has  been  collected  in  gullies  and 
ravines  and  has  taken  the  form  of  rivulets,  creeks  and  rivers. 
In  part  it  has  acted  as  a  broad  sheet  over  wide  surfaces.  By 
these  two  methods  of  erosion  the  topography  has  been 
developed.  The  two  different  modes  of  action  have  produced 
different  forms  of  surface  which  in  cross-section  3aeld  differ- 
ent curves.  These  curves,  as  developed  in  the  region  under 
discussion,  are  so  well  developed,  so  characteristic,  and 
reveal  this  region  so  clearly  that  a  brief  analysis  of  their 
mode  of  production  may  not  be  out  of  place. 

ANALYSIS   OF   EROSION  CURVES. 

The  materials  in  which  the  erosion  has  taken  place,  while 
somewhat  diverse,  are  in  a  general  way  homogeneous.  They 
include  drift,  soft  sandstone  and  shales.  These  materials 
weather  and  erode  differentially,  and  yet  in  a  broad  way  the 
action  is  uniform.  The  differences  induced  by  differential 
weathering  are  slight,  are  not  at  first  operative,  and  in  the 
end  serve  merely  to  modify  the  general  results.  The  erosion 
dates  in  the  main  from  the  retreat  of  the  Kansan  ice,  and  with 
exceptions  to  be  noted  later  the  surface  may  be  considered  to 
have  been  a  fairly  even  drift  surface. 


450 


WISCONSIN  AND  KANSAN   DRIFT  SHEETS. 


The  problem  then  is  that  of  the  action  of  erosive  and 
weathering  forces  upon  a  fairly  even  plain  of  homogeneous 
material.  It  will  be  simpler  to  consider  first  the  action  of 
weathering  and  pluvial  or  sheet-water  erosion.  Stream  action 
may  be  considered  as  merely  a  special  case  of  the  latter.  Let 
us  assume  then  that  the  stream  channels  are  already  cut. 
They  form  narrow  gashes  dividing  the  plain  into  a  series  of 
blocks.  Our  problem  becomes  that  of  the  retreat  of  the  val- 
ley sides.  The  cutting  down  of  the  valleys  is  the  equivalent 
of  the  lifting  of  the  inter-stream  areas.  For  certain  reasons 
it  is  clearer  to  look  at  the  problem  as  if  the  latter  were  the 
true  relation.  Of  course  pluvial  erosion  and  weathering  do 
not  wait  till  the  streams  have  corraded  to  grade  before  begin- 


Fio.  47.    Oasel. 

ning  their  work,  but  the  problem  is  exactly  the  same  when  a 
stream  has  an  abrupt  bank  one  foot  high  as  when  the  latter 
is  many  times  that  height.  The  bank  will  be  attacked  by  the 
same  agencies  acting  in  the  same  manner.  While  in  nature 
the  corrasion  of  the  river  bed  and  the  retreat  of  the  valley 
sides  take  place  pa/ri  passu^  it  is  after  all  not  so  far  wrong  to 
make  the  opposite  assumption  since  the  latter  action  does  not 
become  prominent,  and  never  becomes  dominant,  until  the 
former  is  accomplished. 

Case  1. — Let  us  assume  a  block  of  homogeneous  material 
elevated  a  certain  distance  above  a  level  plain.  Let  Or-h-c-d 
be  a  cross-section  normal  to  the  edge  of  this  block.  Weather- 
ing and  intermittent  showers  attack  it.     Consider  first  the 


VELOCITY  OF  WATER.  451 

action  of  the  former.  The  complex  series  of  forces  which 
together  produce  the  effect  known  as  weathering  tend  to 
soften  or  disintegrate  rock.  Other  things  being  equal  they 
act  normal  to  the  surface  exposed.  In  Case  1,  the  weathering 
would  then  act  along  the  lines  x  and  y.  Running  water  with  a 
given  load  erodes  in  proportion  to  its  volume  and  velocity. 
Conceive  a  slope  extending  from  a  to  c  such  that  water  may 
traverse  the  entire  distance.  Suppose  the  rain  to  fall  equally 
along  the  line  Or-h.  At  any  given  point  upon  the  slope  the 
amount  of  water  passing  would  be  the  sum  of  all  that  has 
fallen  on  the  slope  above.  Past  the  point  o  must  run  all  the 
water  which  has  fallen  between  a  and  h  and  hence  there  will 
be  maximum  erosion  at  c.  At  a^  the  head  of  the  slope,  will  be 
minimum  erosion.  The  relative  amounts  of  erosion  at  inter- 
mediate points  may  be  represented  by  the  line  a-e^  and  the 
effect  of  this  component  of  erosion  may  be  considered  as  a 
force  acting  normal  to  this  line  or  in  the  direction  z.  It 
should  be  kept  clearly  in  mind  that  only  the  portion  of  the 
area  which  has  become  slope  is  subject  to  this  force.  Hence 
when  the  slope  only  extends  back  as  far  as  /m,  z^  represents 
what  may  be  called  the  volume  component.  In  the  retreat  of 
the  slope  z  occupies  different  positions  and  acts  in  various 
directions;  that  is,  ^  is  a  variable,  whereas  x  and  y  are  con- 
stants. 

The  second  factor  of  water  erosion  is  its  velocity  which, 
with  given  friction,  is  dependent  upon  volume  and  slope. 
The  effect  of  volume  we  have  just  seen.  The  effect  of  slope 
must  be  simply  to  accentuate  previous  inequalities.  Steep 
slopes,  because  they  induce  greater  velocity  and  hence 
greater  erosion,  tend  to  perpetuate  themselves  and  to  increase 
their  steepness.  The  effect  of  velocity  is  then  to  reinforce 
the  action  along  the  line  z  and  to  increase  the  steepness  of 
any  slope  resulting  from  the  other  forces. 

Case  2. — The  action  of  simple  weathering  upon  such  a 
block  would  be  to  disintegrate  the  material.  The  point  6, 
b  eing  exposed  to  attack  upon  two  sides,  is  affected  more  than 
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either  of  the  points  e  and  c.  The  result  is  that  the  line 
between  the  fresh  and  the  disintegrated  material  becomes  the 
arc  of  a  circle,  e-f-c.  The  line  b-c  is  a  stable  line  of  slope 
for  solid  rock,  but  not  for  loose  material.  The  action  of 
gravity  forces  the  latter  to  rearrange  itself  until  the  slope 
m-m'  is  reached,  that  being  the  slope  of  stable  equilibrium  for 


FiQ.  U.   Case  S. 

the  loose  material  in  question.  The  inclination  of  m-m' 
against  c-d  varies  with  the  character  of  the  material  and  the 
fineness  of  its  texture.  If  no  running  water  were  taken  into 
account,  the  process  would  stop  at  this  point.  The  result 
would  be  a  flat  table  land  bounded  by  talus  slopes. 

Case  3. — Conceive  for  the  present  the  point  e  to  be  a  fixed 


point  beyond  which  erosion  cannot  go,  introduce  the  action  of 
running  water  and  neglect  the  detritus,  then  x  and  y  are  equal 
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and  starting  with  the  curve  €-f-<\  z  is  normal  to  e-c  and 
bisects  the  angle  between  .r  and  //.  The  tendency  of  the 
velocity  to  increase  with  the  slope  disturbs  the  equilibrium 
by  producing  relatively  more  rapid  erosion  at  v^  and  e-c 
retreats  along  the  lines  e-f^-c\  e-f"-r'\  z  occupying  the  posi- 
tions X,  z\  z'\  etc. 

Water  will  not  erode  down  to  an  absolute  level.  There 
must  be  a  slight  slope  in  order  to  allow  the  water  to  remain  in 
motion.  Let  a'-c  represent  the  slope  beyond  which  there  is 
no  erosion.  It  is  evident  that  the  retreat  of  the  lower  por- 
tion of  the  curve  is  along  the  line  a-e  rather  than  o-c  and  the 
point  c  really  moves  through  the  positions  g-g'  rather  than 

Cai<e  4- — If  the  material  be  conceived  to  be  carried  away 
as  fast  as  it  is  brought  down  so  that  no  talus  slope  is  formed, 
and  if,  furthermore,  the  action  of  the  volume  and  the  velocity 
components  of  erosion  be  neglected,    the  curve  e-r  may  be 
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Fio  50     Case  4. 


thought  of  as  retreating  toward  (f-o  in  a  series  of  parallel 
curves  h-c\  h'-  c".  Since,  however,  the  force  ./*',  active  from 
the  beginning  of  the  process,  has  prepared  the  material  along 
the  plane  a-e^  there  would  be  a  tendency  to  pro<luce  more 
rapid  results  along  the  upper  portion  of  the  curve  and  the 
retreat  would  be  by  e'-r\  e""-r"  rather  than  by  //W,  A -r".  As 
has  just  been  shown  the  base  of  the  curve  would  in  fact  occupy 
the  position  g-g'  instead  of  r'-r".  The  tendency  of  the  upper 
portion  of  the  curve  toward  a  more  rapid  retreat  would  be 
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accentuated  by  a  second  factor.  During  the  time  the  curve 
e-c  is  formed  the  surface  Or-e  is  still  an  uninvaded  flat.  There 
is  no  slope,  and  hence  the  water  falling  upon  it  is  largely 
without  motion.  It  is  not,  however,  true  that  water  on  a  flat 
surface  has  no  tendency  to  move.  If  we  conceive  an  inch  of 
water  spread  upon  the  surface,  it  must  be  true  that  at  the 
edge  the  water  stands  with  a  perpendicular  face  an  inch  high, 
or  that  it  flows.  The  latter  is  obviously  the  correct  hypothe- 
sis. If  then  we  have  one  inch  of  rainfall  we  have  one  inch 
for  the  perpendicular  element  of  slope  along  a'-e.  In  conse- 
quence the  flat  becomes  a  very  slight  slope,  and  a  portion  of 
the  water  falling  upon  it  runs  off  at  the  point  e.  The  water 
running  past  this  point  has  a  certain  erosive  force  and  the  pro- 
cess leads  to  a  flattening  of  the  upper  portion  of  the  curve  e-c. 
Case  5. — At  the  point  c  the  water  must  cease  eroding  and 
confine  its  attention  to  transportation,  since  by  hypothesis 
the  slope  ends  at  this  point.  As  will  be  shown  later,  deposi- 
tion begins  here,  so  that  instead  of  c  being  the  jioint  of  great- 


Fio  5L    Oasi!  B. 

est,  it  is,  as  a  matter  of  fact,  the  point  of  least  erosion,  and 
the  hypothetical  conditions  of  the  last  case  are  very  nearly  the 
true  field  conditions.  In  this  case  e-f-c  becomes  e-f'~c,  e-f"-^, 
o-f"'-c,  etc.  The  point  a  is  fixed  by  the  intersection  of  the 
curve  a-f"'-c  with  a  corresponding  curve,  developed  from  the 
opposite  side  of  the  block,  and  not  figured;  that  is,  a  marks 
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the  position  of  a  divide.  If  the  divide  be  stable  the  curve  pro- 
gresses through  «-/'"-(?,  a-p^-c^  ^-/^-(^^  etc.,  until  it  becomes 
the  straight  line  Cf" -6*,  which  represents  the  trace  of  the  plane 
having  only  such  slope  as  will  allow  rain  water  to  overcome 
the  friction  against  its  base  without  carrying  any  load.  In 
this  progress  z  passes  through  the  positions  2,  z\  z"\  etc., 
retreating  from  y  and  continually  approaching  x.  If  c  be 
conceived  to  have  a  certain  very  slow  rate  of  retreat  the 
retreat  must  occur  along  the  line  «" W*  as  noted  previously. 

Ca^'ie  6, — In  turning  to  consider  what  becomes  of  the  eroded 
material  under  the  action  of  sheet  water  let  us  assume  as 
before  an  elevated  block  a-b-c-o^  over  the  edge  of  which  at  b 
water,  loaded  with  debris,  passes  in  the  direction  of  the  arrow 
711.     This  debris-laden  water  takes  the  direction  m'  along  the 


a 
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Fio  52.    Oase  6. 

plane  c-d.  In  the  direction  h-c^  water  is  falling  perpendic- 
ularly, and  hence  has  an  infinite  carrying  power.  Along  c-d^ 
it  is  running  over  a  horizontal  surface  and  can  carry  nothing. 
In  changing  from  m  to  mC  it  must  lose  all  its  load.  The 
first  water  which  comes  over  the  cliff  drops  all  its  load  at  the 
foot  of  the  latter.  Let  f-c-g  represent  this  material.  Now 
more  debris-laden  material  comes  over  the  bluff.  The  water 
strikes  the  slope  f-g.  and  runs  down  on  it.  Water  on  the 
slope /-j7  can  carry  some  material,  but  not  so  much  as  when 
following  the  line  b-c\  hence  a  portion  of  its  load  is  deposited, 
forming  the  increment /'-/-X-.  The  partially  burdened  water 
upon  reaching  the  level  surface  at  e  must  deposit  another 
increment  making  e-g-g\     The  water  following  finds  now  four 
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points  at  which  it  parts  with  its  load  and  so  deposits  the 
bodies/"-/ -A,  l-k-n^  p-e-n^  and  8-g'-g^\  Successive  portions 
of  water  find  more  points  at  which  to  deposit  till  the  number 
becomes  infinite,  and  a  concave  curve  b-k^-g"^  results.  Con- 
tinued deposition  builds  up  the  curve  to  the  line  m-u  parallel 
to  «" -e,  already  defined. 

Case  7. — The  development  of  the  curve  ar-f"'-c  of  Case  5, 
and  the  curve  b-k'-g"'  of  the  last  case  would  of  course  be  pari 
passu.  When  e-f  is  developed  above,  f^'-l  is  developed  below; 
e'-f  corresponds  to /'-/',  and  so  on  until  Or-f"' meets  /'"-/'" 
and  there  is  a  continuous  slope. 

One  very  important  element  has  so  far  been  omitted.  K 
rain  falls  along  the  line  Or-b  it  must  also  be  supposed  to  fall 
along  the  line  c-d.     The  rain  falling  along  the  latter  line 


c  I  r 

h'lO.  bd.    Case  7. 


would  be  free  from  load  and  hence  free  to  erode.  The  volume 
would  progressively  increase  from  f  to  I  and  with  it  the  ten- 
dency to  erode.  The  slope  would,  however,  decrease  in  the 
same  direction,  and  hence  there  would  be  a  decreased  ten- 
dency to  erode.  The  relative  values  of  the  two  factors  would 
determine  which  portion  of  the  curve  would  suffer  most  rap- 
idly, but  it  seems  probable  that  erosion  would  occur  along 
almost  its  entire  length.  There  could  be  no  erosion  at  d, 
since  beyond  that  point  there  is  no  slope  and  hence  the 
waters  deposit.  The  final  result  must  be  the  destruction  of 
the  curve /"-/"',  and  the  spreading  of  the  material /'"-<^i!'" 
over  the  plain  in  a  sheet  whose  upper  surface  would  be  a  plane 
with  a  slope  equal  to  that  of  the  line  «" -e  of  the  preceding 
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case,  but  slightly  above  it.  In  final  result  then  the  base  level 
would  take  the  line  a^^'-d  of  Case  6.  The  erosion  along  the 
lower  portion  of  this  double  curve  is  the  factor  which  releases 
the  point  <'  and  allows  its  slight  retreat  as  previously  noted. 
Ca^ie  8.  —If  between  c  and  cl  a  river  capable  of  transporting 
the  eroded  material  be  introduced,  we  have  a  limit  to  the 
extension  of  the  curve  of  deposition.  Above  it  is  a  long  con- 
vex curve  of  erosion  which  decreases  in  convexity  as  the  dis- 
tance from  the  cliff  increases.  This  is  the  normal  curve  for 
cliff  recession  under  the  conditions  obtaining  in  the  area  under 
discussion.     The  base  of  the  cliffs  is  marked  b}''  a  concave 


Fjg.  M.    0<uiO  8. 


curve  of  deposition  above  which  is  a  sharp  convex  curve 
merging  beyond  into  one  of  decreasing  intensity. 

It  has  been  customary  to  speak  of  the  concave  curve  as  the 
normal  curve  of  erosion,*  and  the  convex  curve  has  been 
believed  to  be  the  result  of  weathering  forces.  In  the  area 
under  discussion  this  hiw  does  not  hold  true  and  from  the 
analysis  given  it  will  be  seen  that  it  is  very  unlikely  to  be 
true  in  any  case  where  the  conditions  are  the  same.  This 
immediate  region,  while  old  as  compared  with  the  area 
covered  by  the  younger  drift,  is  j'^oung  as  compared,  for 
example,  with  the  driftless  area.  In  the  latter,  as  has  been 
shown  by  Chamberlin  and  Salisbury,  t  the  country  has  been 
reduced  to  a  series  of  ridges  whose  major  slopes  are  concave. 

^Gilbert:  Geology  Henry  Mountains,  p.  ItO.  1880.  Hicks:  Ball.  Geo).  Soc.  Amer.,  vol.  IV, 
p.  13).    1893. 

tSixth  Annual  Report,  U.  S.  Geol.  Surv  ,  234  215. 
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In  a  sense  these  slopes  are  analogous  to  the  longitudinal  pro- 
files of  river  valleys  which  are  normally  concave.  Owing  to 
the  excess  of  water  which  in  a  stream  passes  the  point  e,  the 
erosion  there  becomes  most  active,  and  the  major  portion  of 
the  erosion  is  transferred  to  the  concave  portion  of  the  curve. 
This  concave  portion  once  established  tends  to  perpetuate 
itself  and  the  relative  insignificance  of  the  convex  curve  at 
the  head  of  the  stream  causes  it  to  be  overlooked. 

In  all  normal  erosion  it  is  the  concave  portion  of  the 
curve  which  tends  to  lengthen,  and  so  in  a  very  old  topog- 
raphy the  long  concave  curves  are  predominant,  and  the 
short  convex  curves  over  the  divide  are  insignificant.  In  the 
production  of  these  curves  the  retreat  of  the  point  c  is  prob- 
ably in  a  curve  first  rising  toward  the  divide  and  later  falling. 
The  concave  curves,  however,  are  originally  established  as  a 
result  of  deposition  and  the  normal  curve  of  erosion  is  con- 
vex, not  concave. 

This  does  not,  of  course,  apply  to  the  curves  produced  by 
the  erosion  of  alternating  beds  of  hard  and  soft  strata  where 
concave  curves  are  often  produced  in  the  manner  discussed 
by  Noe  and  Margerie.*  In  this  immediate  region  the  sand- 
stones of  the  Dakota,  the  limestones  of  the  Missourian,  and  the 
sandstones  and  limestones  of  the  Des  Moines  all  tend  to  break 
up  the  general  curves  developed  in  the  drift  and  to  produce 
such  abnormal  curves. 

River  chanjes, — As  has  already  been  pointed  out  the  areas 
covered  by  Wisconsin  drift  show  immature  drainage.  The 
streams  present  are,  with  few  exceptions,  of  very  recent  age. 
Oc3asionally  a  portion  of  their  course  is  through  an  older 
valley,  but  in  the  main,  for  the  region  studied  this  does  not 
seem  to  hold  true.  The  valleys  are  sharp,  narrow  gorges,  the 
tributary  streams  are  short,  have  high  gradients  and  show 
active  headwater  erosion.  The  rivers  are  simple  consequent 
streams,  and  in  most  cases  have  not  yet  cut  through  the  drift 
to  the  underlying  rock.     The  streams  of  the  outlying  drift 

*Le9  formes  du  TerraloB,  pp.  2I-28,  et  seq.    Paris,  1888. 
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are  of  a  sharply  contrasted  type.  The  completeness  of  the 
drainage  system  has  already  been  noted.  The  upland  is  quite 
generally  dissected.  The  major  streams  show  regularly 
developed  secondaries,  and  these  in  turn  support  tertiaries  of 
almost  equal  regularity.  The  whole  forms  a  complex  dendri- 
tic system  which  has  required  long  time  for  its  development. 
The  major  streams,  and  many  of  their  branches,  are  flowing 
in  preglacial  valleys.  They  have  maintained  themselves  with 
often  only  slight  modifications,  since  before  the  ice  invasion. 
Almost  the  whole  of  the  present  drainage  system  of  the  out- 
lying drift  area  was  developed  before  the  deposition  of  the 
loess.  The  latter  forms  merely  a  wash  over  the  old  drift  sur- 
face. The  streams  are  not  consequent  upon  the  loess,  but 
represent  rather  the  type  of  rivers  for  which  McGee  has  pro- 
posed the  name  resurrected.*  They  differ  from  the  simple 
consequent  rivers  in  that  their  direction  is  really  determined 
by  an  older  land  surface  than  the  one  over  which  they  now 
flow.  Thej^  are  not  merely  revived  streams,  since  between 
the  earlier  and  later  stages  of  their  history  there  have  been 
periods  of  total  inactivity;  times  when  the  river  was  com- 
pletely^ destroj^ed.  The  same  fact  prevents  their  being  con- 
sidered as  merelj^  antecedent  streams,  though  they  belong  to 
that  general  class.  The  later  river  is,  however,  a  direct 
descendant  of  the  one  before,  and  has  inherited  its  channel 
from  its  predecessor.  After  a  period  of  non-existence  such  a 
stream  is  re-formed  and  takes  up  the  work  of  the  earlier 
stream.  In  view  of  their  history  the  name  seems  particularly 
appropriate. 

The  rivers  here,  in  a  certain  sense,  represent  an  extreme 
tj^pe  of  the  resurrected  river,  since  they  have  survived  at 
least  two  glacial  invasions  and  one  submergence.  They  are 
not  to  be  thought  of  as  persisting  throughout  these  various 
vicissitudes,  but  rather  as  being  re-formed  after  each.  Where 
the  ice  has  crossed  a  wide  valley  it  has  in  many  instances 
failed  entirely  to  fill  up  the  old  rock  trough,  and  a  broad 

*  Bui.  Qeol.  Soc  ,  Am.,  I,  54}.    1890. 
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shallow  sag  now  appears  at  the  surface.  Beaver  creek  in  Polk 
county  affords  an  excellent  example  of  such  a  sag,  and  others 
are  not  infrequently  encountered.  In  those  cases  in  which 
the  valley  may  be  supposed  to  have  been  filled  entirely,  there 
would  probably  still  be  a  tendency  for  it  to  be  reproduced  on 
the  surface.  If  one  imagine  a  valley  200  feet  deep,  and  sup- 
pose drift  to  be  deposited  fifty  feet  thick  over  the  upland  at 
the  same  time  that  the  vallev  is  filled  to  the  same  level,  then 
there  would  be  250  feet  of  drift  in  the  valley  with  only  fif  t j'  feet 
over  the  adjoining  upland.  Drift  as  now  exposed,  and  prob- 
ably as  deposited,  is  not  so  compact  as  rock.  One  of  the 
important  processes  in  the  solidification  of  rocks  is  the  com- 
pacting of  the  loose  material  and  a  portion  of  this  change 
results  from  settling.*  However  unimportant  this  factor 
may  be,  it  is  evident  that  there  would  be  more  settling  in  250 
than  in  fifty  feet  of  drift,  so  that  in  time  the  old  valley  would 
show  at  the  surface  as  a  depression  and  would  afford  most 
favorable  opportunity  for  the  development  of  a  stream.  The 
two  factors  of  original  inequality  of  deposition  and  of  second- 
ary settling  work  together  and  become  cumulative.  Together 
they  make  it  possible  for  a  river  to  be  resurrected  time  and 
again. 

The  rivers  on  the  older  (Kansan)  drift  are  of  the  resurrected 
type.  Some  of  them,  the  lower  Des  Moines  and  Raccoon  for 
example,  have  histories  reaching  back  into  preglacial  time. 
Most  of  the  streams  are  younger,  but  all  save  the  smallest 
are  pre-loessial.  Probably  the  largest  number  are  post- 
Kansan  and  pre-loessial.  Among  the  latter  are  the  Raccoon 
rivers  and  Bushy  Fork  in  Guthrie  county. 

The  invasion  of  the  Wisconsin  ice  produced  important 
changes  in  many  of  the  rivers.  Thus  the  upper  portion  of  the 
older  Des  Moines  valley  is  now  deserted  by  the  main  stream 
and  is  occupied  by  the  smaller  Beaver  creek.  A  portion  of 
the  valley  near  the  old  mouth  of  the  river  is  deserted  alto- 
gether and  a  new  connection  with  the  Raccoon  has  been 

*VaD  Else:  Principles  of  Pre-Oambrian  Stratigraphy,  p  684. 
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established.     Above  the  mouth  of  Beaver  creek  the  Des 
Moines  is  engaged  in  cutting  an  entirely  new  valley. 

Correlation  of  outlying  drift. — An  erosion  such  as  outlined 
would  necessarily  require  a  considerable  lapse  of  time  for  its 
accomplishment  and  this  is  one  of  the  T^est  evidences  of  the 
antiquity  of  the  older  drift.  The  complexity  of  the  drainage 
system  points  in  the  same  direction  as  does  the  physical 
condition  of  the  drift,  and  all  these  features  unite  in  proclaim- 
ing the  high  antiquity  of  the  Kansan  as  contrasted  with  the 
Wisconsin.  Some  of  the  reasons  for  correlating  the  outlying 
drift  of  Polk,  Dallas  and  Guthrie  counties  with  the  Kansan 
rather  than  the  lowan  have  already  been  suggested.  The 
stratigraphy  of  the  region,  particularly  the  relations  of  the 
loess,  affords  others. 

The  loess  found  in  the  region  has  been  referred  to  the  lowan 
since  it  is  believed  to  be  in  this  region  the  equivalent  of  the 
lowan  drift  farther  north  and  now  in  part  buried  under  the 
Wisconsin.  It  is  believed  that  loess  of  widely  different  ages 
occurs  in  the  Mississippi  valley,  and  there  is  some  evidence  of 
an  older  loess  in  this  immediate  region,  so  that  the  qualifying 
term  has  been  added  for  the  purpose  of  definitely  fixing  the 
age  of  this  particular  loess.  The  basis  of  the  correlation  is 
the  fact  that  loess,  apparently  the  same,  may  be  traced 
around  the  southern  limit  of  the  Wisconsin  to  Marshall  county, 
where  it  comes  into  contact  with  and  laps  upon  the  lowan. 
It  follows  the  border  of  the  latter  southeast,  never  extending 
far  up  on  the  lowan,  to  Johnson  county,  where  its  genetic  rela- 
tionship to  the  latter  is  excellently  shown.  *  Furthermore  the 
lowan  ice  sheet,  as  shown  by  its  non-morainic  border  and 
other  phenomena,  marked  a  period  of  low  level  and  clogged 
drainage,  such  as  is  known  from  the  relations  of  the  loess  to 
the  river  valleys  to  have  occurred  in  the  region  under  dis- 
cussion. This  period  was,  in  each  case,  between  the  Kansan 
and  the  Wisconsin,  as  is  shown  by  the  fact  already  mentioned, 
that  the  loess  covers  the  Kansan  and  passes  beneath  the 

*Oalvln :    Geol.  JohnBon  Oounty.    Iowa  Oeol.  Surr.,  vol.  VII. 
86  a.  Bep. 
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Wisconsin  in  the  one  region  and  was  connected  with  the  lowan 
in  the  other.  It  is  separated  from  the  Kansan  by  a  considerable 
interval  since  the  major  portion  of  the  erosion  of  the  outlying 
drift  was  accomplished  before  the  loess  was  deposited.  The 
time  between  the  loess  and  the  Wisconsin  was  also  consider^ 
able,  as  the  loess  had  been  quite  deeply  eroded  before  the 
gravel  trains  of  the  Wisconsin  were  formed.  The  difference 
in  the  ch^^racter  of  the  two  deposits  is  itself  suggestive.  The 
gravel  trains  contain  both  fine  and  coarse  material,  while  the 
loess  consists  of  fine  material  only.  Such  a  difference  in 
deposits  is  indicative  of  a  difference  in  the  competency*  of  the 
waters.  This  in  turn  depends  upon  declivity  and  volume, 
mainly  upon  the. former.  A  change  in  declivity,  with  a  result- 
ing change  in  the  grade  of  the  streams  is  another  indication 
of  a  considerable  time  interval  between  the  two,  since  the 
conditions  noted  here  are  such  as  are  true  in  the  neighboring 
states  and  over  a  considerable  portion  of  the  drift  area  of  the 
United  States.  Such  general  changes  of  level  are  not  rapidly 
accomplished  and  in  themselves  ai*e  indicative  of  a  consid- 
erable time  interval. 

The  loess  of  this  region  was  then  deposited  at  a  time  between 
the  Kansan  and  the  Wisconsin  and  separated  from  each  by  a 
considerable  interval.  Conditions  favorable  to  loess  deposi- 
tion prevailed  when  the  lowan  ice  occupied  eastern  Iowa,  and 
this  time  accords  well  with  that  suggested  by  the  facts  in  the 
present  case,  and  the  whole  point  to  the  lowan  age  of  the 
loess  at  the  southern  borders  of  the  Des  Moines  lobe. 

There  is  in  the  northwestern  portion  of  the  state  a  drift 
which  in  physical  constitution  and  topographic  development 
resembles  the  lowan  of  eastern  Iowa,  and  it  has  been  pro- 
visionally correlated t  with  that  formation.  There  are  many 
reasons  in  support  of  the  view  that  this  correlation  is  correct 
so  that  the  headwaters  of  the  pre-loessial  streams  of  the 
region  were  doubtless  cut  off  by  the  lowan  ice.     In  a  period 

^Gilbert:    Geol.  Henry  Mts.,  p.  110.    1877. 

tOhamberlin :  Great  Ice  Age  (Geikle),  pi.  XV.  1804.  Oalvin:  Iowa  Geol.  Burr..  VII,  SO. 
1897. 
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of  general  low  level,  contemporaneous  with  that  ice,  the  rivers 
became  greatly  expanded  and  the  conditions  for  the  distribu- 
tion of  the  loess  over  the  territory  in  question  were  afforded. 

As  has  been  seen  the  preliminary  classification  of  the  drift 
deposits  recognized  but  two  major  drift  sheets  earlier  than  the 
Wisconsin.*  This  was  the  view  current  when  the  present 
work  was  taken  up  in  the  summer  of  1895.  The  Des  Moines 
lobe  was  recognized  as  belonging  to  the  Wisconsin,  and  the 
lowan  was  assigned  no  definite  limits  to  the  south.  +  McGee 
and  Call,  as  well  as  ChamberlinJ  had  considered  it  to  be  pres- 
ent south  of  Des  Moines.  In  1895  Calvin  began  his  work  in 
Johnson  county  and  quickly  recognized  that  the  drift  sheets 
present  in  the  northern  and  southern  portions  of  the  county 
respectively  were  radically  different  in  age.  If  the  surface 
drift  of  the  paha  region  were  lowan,  that  of  southern  John- 
son county  must  be  something  earlier,  and  he  accordingly 
referred  it  to  the  Kansan.  After  spending  some  days  in 
Johnson  county  in  company  with  Professor  Calvin,  the  pres- 
ent writer  extended  the  work  into  Washington  county  and 
assigned  the  drift  there  to  the  Kansan  and  the  loess  to  the 
lowan.  §  These  were  known  to  be  in  all  respects  identical 
with  that  previously  studied  in  Keokuk  and  Mahaska  counties  |j 
and  present  throughout  much  of  the  southern  portion  of  the 
state*!^  and  accordingly  the  deposits  of  Appanoose  and  Warren 
counties  were  placed  with  those  of  Washington.** 

Since  the  upper  drift  at  Afton  had  been  considered  to  be 
lowan  a  number  of  visits  to  the  locality  were  made  for  the 
purpose  of  studjdng  the  relations  of  the  drift  sheets  at  that 
point.  The  drift  found  in  Polk  county  was  traced  southward 
and  found  to  be  the  same  as  the  upper  drift  at  Afton  Junction. 
At  the  latter  point  it  showed  the  upper  zone  of  ferrugination, 
the  leaching,  the  weathered  boulders,  and  all  the  physical 

*OhamberllD:    Great  Ice  Age  (Gelkie),  pp.  773, 774.    1894.    Jo ar.  Geol.,  Ill,  870-277.    1895. 

t  McGee :    Eleventh  Ann.  Rept.  U.  8.  Geol.  Burr.,  472-496.    1893. 

t  Ohamberlin :    Loc.  clt. 

§  Geol.  Washington  Oounty.    Iowa  Geol.  Surv.,  vol.  V,  pp.  153-lM.    1891. 

I  Iowa  Geol  Surv.,  vol.  IV,  187,  S88,  34S,  843.    1896. 

1 1owa  Geol.  Surv.,  IV,  230-234.    1805. 

••  Iowa  Geol.  Surv.,  V,  320,  408.    1890.    Ibid.,  V,  318-sa),  406-408.    1896. 
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characteristics  which  had  come  to  be  recognized  as  peculiar 
to  the  Kansan  in  the  surrounding  region.  Its  relations  to  the 
loess  were  the  same,  as  was  also  its  topographic  development. 
In  short  the  upper  drift  at  Afton  was  found  to  be  the  same  as 
that  which  was  elsewhere  recognized  as  Kansan.  The  Af ton- 
ian  beds  accordingly  were  found  to  be  below  rather  than 
above  the  Kansan,  and  a  still  lower  pre-Kansan  drift  sheet 
was  recognized.  A  preliminary  examination  as  far  south  as 
Kansas  City  seemed  to  show  that  the  older  drift  did  not  come 
to  the  surface,  and  accordingly  the  upper  drift  at  Afton  Junc- 
tion is  presumably  the  surface  drift  of  eastern  Kansas,  though 
the  matter  has  not  been  fully  studied.  The  older  pre-Kansan 
drift  is  known  to  be  present  at  a  number  of  points  in  southern 
Iowa  and  adjacent  portions  of  Missouri,  and  has  more  recently 
been  found  in  northeastern  Iowa.  Beds  probably  represent- 
ing this  horizon  outcrop  near  Hastie,  in  Polk  county,  and 
there  is  some  evidence  of  their  presence  in  Guthrie  county. 

The  pre-Kaijisan  drift  is  probably  the  equivalent  of  the 
Albertan  as  described  by  Dawson*  though  the  connection  has 
not  yet  been  worked  out  and  quite  probably  never  can  be 
placed  beyond  dispute. 

About  the  time  these  studies  were  being  carried  on  in  cen- 
tral Iowa  Leverettt  determined  the  fact  that  a  drift  sheet 
invaded  Iowa  from  Illinois  at  some  time  between  the  Kansan 
and  the  lowan,  and  another  member  was  added  to  the  series. 
As  now  recognized  by  ChamberlinJ  the  entire  drift  series  is 
as  follows: 

9.  Wisconsin  till  sheets  (earlier  and  later). 

8.  Interglacial  deposits  (Toronto,  perhaps). 

7.  lowan  till  sheet. 

6.  Interglacial  deposit. 

5.  Illinois  till  sheet  (Leverett). 

4.  Interglacial  deposit  (Buchanan  of  Calvin). 

3.  Kansan  till  sheei). 

2.  Aftonian  beds.    Interglacial. 

1.  Albertan  drift  sheet  (Dawson). 


*Jour.  Geol.,  Ill,  507-511.  1885. 
tJour.  Geol.,  IV,  766,  874.  1896. 
tJour.Geol.,  IV.  872-876.    1896. 
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Calvin*  has  given  essentially  the  same  section  summarizing 
the  Iowa  formations  as  follows: 

I.  First  stage  of  glaciation,  Albertan.  Invasion  of  Iowa 
by  glaciers  and  distribution  of  lowest  sheet  of  till. 

II.  First  interglacial  stage,  Af  tonian.  Melting  and  retreat 
of  glaciers  and  deposition  of  gravels,  followed  by  a  loner  period 
of  forest  growth,  development  of  soils  and  modification  of  the 
original  drift. 

III.  Secopd  glacial  stage,  Kansan.  Cold  more  intense  and 
glaciation  more  general  than  during  the  first  stage.  Distribu- 
tion of  McGee's  lower  till. 

IV.  Second  interglacial  stage,  Buchanan.  Introduced  by 
deposition  of  gravels  in  Buchanan,  Black  Hawk,  Floyd,  Cerro 
Gordo  and  other  counties.  This  stage  was  very  long,  and  the 
surface  of  the  second  drift  sheet  was  profoundly  modified  by 
erosion,  oxidation  and  leaching  before  it  came  to  a  close. 

V.  Third  stage  of  glaciation,  Illinois.  During  this  stage 
only  a  small  part  of  Iowa,  embracing  portions  of  Louisa,  Des 
Moines  and  Lee  counties,  was  invaded  by  glaciers.  The  ice 
came  from  the  northeast,  bringing  boulders  from  the  eastern 
shores  of  Lake  Huron. 

VI.  Third  interglacial  stage  (unnamed),  during  which  the 
modification  of  the  second  drift  sheet  proceeded  over  the 
greater  portion  of  Iowa.  The  small  area  occupied  by  the  third 
deposit  of  drift  also  suffered  more  or  less  of  modification. 

VII.  Fourth  glacial  stage,  lowan.  During  this  stage  the 
northern  half  of  Iowa  was  overrun  by  glaciers.  The  southern 
limit  of  this  incurson  may  be  traced  a  few  miles  north  of  a 
line  drawn  from  Iowa  City  to  Des  Moines,  and  then  deflected 
northwestwardly  to  Plymouth  county.  It  was  during  this 
stage  that  the  enormous  granite  boulders  so  conspicuous  in 
Bremer,  Black  Hawk,  Buchanan  and  other  counties  in  north- 
eastern Iowa  were  transported  and  deposited  where  they 
now  lie. 


*Iowa  Geol.  Survey,  VII,  18,19.    1897.    Amor.  Geol.,  XIX,  270-172.    I(i97.    Annals  of  Iowa,  (3), 
III,  No.  1, 1-22.    1897. 
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VIII.  Fourth  interglacial  stage,  Toronto  (?).  This  fourth 
interglacial  stage  was  short  as  compared  with  the  second,  and 
probably  the  third.  The  amount  of  erosion,  oxidation  and 
leaching  which,  during  this  interval  took  place  in  the  surface 
of  the  fourth  sheet  of  drift,  is  altogether  inconsiderable.  The 
amount  of  change  that  has  taken  place  since  the  beginning  of 
the  interval  up  to  the  present  time  is  comparatively  small. 

IX.  Fifth  glacial  stage,  Wisconsin.  The  last  invasion  of 
Iowa  by  glacial  ice  occurred  in  times  so  recent,  geologically 
speaking,  that  the  youngest  sheet  of  till  exists  practically  in 
the  condition  in  which  the  glaciers  left  it.  The  area  in  Iowa 
affected  by  this  last  invasion  is  nearly  triangular  in  shape, 
the  base  of  the  triangle  coinciding  with  the  north  line  of  the 
state  from  Worth  to  Osceola  counties,  with  the  apex  located 
at  Des  Moines.  In  the  northern  part  of  this  area  there  are 
numerous  stretches  of  ill-drained  lands,  the  surface  is  only 
very  gently  undulating,  and  the  stream  channels,  where 
defined  at  all,  have  cut  only  a  foot  or  two  into  the  prairie  sod. 

X.  The  recent  stage,  since  the  retreat  of  the  Wisconsin 
ice,  brings  Pleistocene  history  down  to  the  present.  The 
recent  stage,  while  long  as  measured  in  years,  has  been  too 
short  to  produce  any  appreciable  effect  in  the  surface  of  the 
Wisconsin  drift. 

The  Kansan  has  heretofore  been  correlated  with  the  lower 
till  as  recognized  by  McGee*  but  certain  recent  observations 
seem  to  indicate  that  the  latter  may  find  its  correlative  in  the 
pre-Kansan  rather  than  the  Kansan.  At  Oelwein  in  Fayette 
county,  some  excavations  made  by  the  Chicago  Great  Western 
railway  have  revealed  the  presence  of  a  well  developed  till 
below  the  Kansan  and  separated  from  it  by  an  important  peat 
bed.  Above  the  Kansan  the  lowan  is  characteristically  dis- 
played though  its  thickness  is  small.  The  three  drift  sheets 
with  representatives  of  the  Buchanan  and  Aftonian  inter- 
glacial beds  are  shown  in  the  one  section,  f    Pre-Kansan  beds 

*ChBmberlin:    Iowa  Geol.,  HI.  373.    1895. 

tThis  KectloD  and  Its  relations  were  quite  fully  discussed  at  the  winter  meetlrgof  the 
Iowa  Academy  of  Sciences,  December,  1896.  See  proceedings  for  1896;  also  Science,  p.  317,  Feb. 
19, 1897. 
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have  been  found  also  in  Marshall  county  and  at  other  points. 
A  review  of  sections  published  by  McGee*  makes  it  more 
than  doubtful  whether  the  forest  bed  which  he  has  so  clearly 
shown  to  be  present  does  not  mark  the  Aftonian  rather 
than  Buchanan  horizon.  In  plate  xxviii  is  given  a  preliminary 
outline  map  of  the  drift  formations  of  the  state  as  they  are 
now  understood. 

TIME  RATIOS. 

The  problem  of  the  length  of  the  interglacial  intervals  ha& 
attracted  considerable  attention,  though  as  yet  but  few 
numerical  estimates  have  bf^en  made.  The  data  are  not  such 
as  readily  lend  themselves  to  this  manner  of  expression.  It 
is  obvious  that  no  very  exact  results  can  be  obtained  where 
so  many  factors  are  uncertain.  At  best,  approximations  are 
all  that  one  can  hope  for.  Yet  for  certain  purposes  these, 
when  supported  by  a  fair  degree  of  probability,  are  of  quite 
large  value;  and  in  all  cases,  in  the  absence  of  anything 
better,  they  perhaps  serve  a  useful  purpose. 

The  problems  which  it  is  hoped  may  be  solved,  or  to  whose 
final  solution  the  correct  determination  of  the  length  of  the 
interglacial  periods  contributes,  are  principally  two:  (1)  the 
taxonomic  rank  of  the  divisions  of  the  glacial  series,  and  (2) 
the  larger  problem  of  the  age  of  the  earth. 

Whether  the  ice  age  is  to  be  considered  as  consisting  of  one, 
or  two  or  more  periods,  as  the  term  period  is  used  in  geology, 
has  provoked  much  discussion.  +  It  is  not  proposed  to  review 
what  has  been  brought  out  in  this  discussion  but  simply  to 
indicate  the  bearing  upon  this  problem  of  certain  of  the 
phenomena  exhibited  in  the  Des  Moines  region.  It  should 
first  be  pointed  out  that  for  purposes  of  this  question  evidence 

*  Eleventh  Ann.  Rept.,  U.  8.  Geol.  Surv.,  514-54S. 

tChamberlin :  Geol.  Wisconsin,  I,  271-391;  Am.  Jour.  8ci.  (3)  XLV,  171-200;  Jour.  Geol.,  Ill, 
270-t78:  Geikie's  Great  Ice  Aire,  cbapt.  XLII:  Bnl.  Geol.  Soc.  Am  ,  I,  M9-4S0;  V,  16.  Coleman: 
Jour.  Geol.  III.  622-6i5.  Hershey:  Am  Geol.  XH, 314-323  Lewis:  Glacial  Geol.,  Great  Britain 
and  Ireland,  51-53  Leverett:  Jour.  Geol.  I,  129-146.  Bnl.  Geol.  Soc.  Am,  V..  17.  McGee: 
Pleistccene  History  of  Northeastern  Iowa,  loc.  clt.,  Bnl.  Geol.  Soc.  Am.,  V,  17.  Bossell :  Mon. 
XI,  U.  S  Geol.  Sarv.,  854-268.  Salisbury:  Ann.  Rept.  State  Geol.  N.  J  .  1892,  60.  72:  Jour  Geol., 
I,  61-84;  Bui.  Geol.  Soc  Am.,  Ill,  173-182  Opham:  Minn.  Geol.  Surv..  1879, 48;  Am  Nat.  XXIX, 
285-241;  Am  Jour.SciJS).  XL VI,  358  365;  Bui  Geol.  Soc  Am..  V.  16.  Williams,  E.  H.:  Bnl.  Geol. 
Soc.  Am.,  V,281  296.  WrUht,  A.  A.:  Bui.  Geol.  Soc.  Am.,  V.  7-t5  Wright,  G.  v.:  Great  Ice  Age 
In  N.  Am  .  475  et  sen  (with  citations):  Man  and  the  Glacial  Period,  108  et  seq  ;  Amer.  Jour. 
Sci..  XLtV,  351-373;  Ibid,  XLVI.  161-187. 
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may  be  admitted,  and  even  accepted  as  conclusive,  which 
from  its  very  nature  is  of  much  less  value  in  any  discussion 
of  the  other  problem  mentioned.  It  is  not  the  absolute  length 
of  glacial  and  interglacial  time  which  is  wanted  so  much  as 
their  relative  lengths. 

Estimates  of  the  actual  length  of  time  since  the  retreat  of 
the  ice  have  been  made  at  a  number  of  points.  * 

In  all  cases  the  results  are  obtained  by  assuming  that 
some  process,  such  as  erosion,  has  progressed  in  the  past  at 
its  present  or  at  some  known  rate.  It  is  obvious  that  the 
absolute  results  are  uncertain  to  the  extent  of  the  unknown 
error  in  the  assumed  value  of  the  rate.  This  error  may  be, 
and  in  some  cases  undoubtedly  is,  large.  For  purposes  of  com- 
paring different  portions  of  the  glacial  period  this  error  is  not 
so  important.  If,  judged  by  the  same  test  and  making  the 
same  assumptions,  a  given  interglacial  period  is  found  to  be 
as  long  as,  or  a  certain  number  of  times  longer  than,  the  time 
since  some  fixed  event  of  the  glacial  period,  the  fact  has  an 
independent  value.  The  assumed  rate  of  erosion  may,  it  is 
true,  have  varied  in  one  case  and  not  in  the  other,  or  the 
two  rates  may  have  varied  together  or  in  opposite  directions, 
and  yet  unless  such  variations  be  proved  or  probable  they  may 
be  neglected  without  seriously  impairing  the  value  of  the 
result.  The  latter,  of  course,  increases  with  the  difference 
between  the  total  result  and  the  possible  effect  of  a  wrong 
value  for  the  variable.  If,  for  example,  it  be  found  by  com- 
parative erosion  that  the  length  of  a  given  interglacial  stage 
was  as  long  as  the  stage  since  the  retreat  of  the  ice  from  a 
given  point,  a  variation  of  one-half  in  the  rate  of  erosion  dur- 
ing the  glacial  stage  reduces  or  increases  largely  the  force  of 
the  argument  for  the  duality  of  the  glacial  period.  If,  how- 
ever, it  be  found  that  with  the  same  assumptions  comparative 
erosion  shows  the  interglacial  stage  to  have  been  twenty 
times  as  long  as  the  postglacial,  a  doubling  of  the  erosive 
activity  in  interglacial  times  still  leaves  the  stage  ten  times 
as  long  as  the  postglacial. 

*  Wright:   Great  Ice  Age  In  N.  A.,  448-475,  with  citations. 
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Studies  of  comparative  erosion  constitute  as  yet  the  only 
method  appealed  to  to  furnish  numerical  data  as  to  the  length 
of  the  interglacial  stages.  Ferrugination,  oxidation,  leaching, 
changes  in  altitude  and  other  phenomena  have  been  used  in 
making  up  general  impressions  and  have  frequently  been 
emphasized  as  showing  that  the  earlier  drifts  are  vastly 
older  than  the  newer.  In  a  few  cases  these  general  impres- 
sions have  been  put  in  mathematical  form.  Thus  McGee 
states  that  if  the  period  of  written  history  represent  a  day 
then  a  month  or  a  year  will  measure  the  period  which  has 
elapsed  since  the  first  Pleistocene  ice  sheet  invaded  north- 
eastern Iowa.* 

Chamberlin,t  after  consultation  with  various  workers  in  the 
Mississippi  valley,  has  given  the  following: 

UNITS. 

From  later  Wisconsin  to  the  present 1 

From  earliest  Wisconsin  (Shelbyville  moraine)  to  the  pres- 
ent.   2i 

From  lowan  to  the  present 5 

From  Illinois  invasion  of  Iowa  to  the  present 8 

From  Kansan  to  the  present. 15 

From  sub-Aftonian  (Albertan)  to  the  present x 

N.  H.  Winchelli  has  carefully  compared  the  amount  of  ero- 
sion shown  by  the  present  gorge  of  the  Mississippi  from  Fort 
Snelling  to  Minneapolis  with  that  necessary  for  the  excava- 
tion of  a  neighboring  gorge,  believed  to  be  interglacial. 
Assuming  that  the  conditions  of  erosion  were  the  same  except 
for  25  per  cent  greater  erosion  in  the  case  of  the  interglacial 
channel,  allowed  as  a  factor  of  safety,  he  finds  that  if  post- 
glacial time  be  7,800  years,  interglacial  time  would  be  9,750. 
With  regard  to  the  estimate  it  may  be  pointed  out  that  the 
allowance  of  25  per  cent  is  wholly  a  matter  of  opinion.  One 
might  make  it  greater  or  less,  and,  aside  from  a  desire  for  a 
conservative  attitude  in  discussing  disputed  questions,  there 
would  seem  no  suflBcient  reason  for  fixing  the  amount  of  the 
allowance,  or  perhape  any  inherent  reason  for  making  any 

^Eleventh  Ann.  Kept.  U.  S.  Geol.  Sury.,  p.  507. 
tJour.  Geology,  vol.  IV,  p.,  878.    1896. 
t  Amer.  Geol.  vol.  X,  pp.  67-80.    189B. 
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allowance.  The  estimate  lacks  also  in  value  in  that  there  is 
no  evidence  as  to  which  of  the  interglacial  stages  it  pertains 
to.  Since  the  region  has  probably  been  occupied  successively 
by  the  pre-Kansan,  Kansan,  lowan  and  Wisconsin  ice  sheets 
one  has  wide  latitude  in  interpreting  the  phenomena.  The  esti- 
mate is  of  a  great  value,  however,  as  showing  that  by  the  same 
tests  which  the  advocates  of  the  unity  of  the  glacial  period 
have  used  to  determine  the  length  of  post-glacial  time,  it  may 
be  proven  that  during  the  ice  age  there  was  at  least  one  inter- 
val fully  as  long  as  post-glacial  time.  This  fact  is  of  more 
sijjfnificance  since  the  measurements  were  made  by  the  same 
observer,  in  the  same  region,  and  using  the  same  methods 
that  he  used  in  making  an  estimate  of  the  length  of  post- 
glacial time  which  has  been  widely  quoted  and  approved  by 
all,  including  advocates  of  the  unity  of  the  glacial  period.* 

It  does  not,  of  course,  follow  that  the  ice  age  consisted  of 
two  or  more  rather  than  one  glacial  period  because  of  a  long 
interglacial  period.  The  passage  of  time  alone,  and  aside 
from  any  climatic  changes  would  not  be  sufficient  to  warrant 
a  separation.  There  might  be  one  or  many  interglacial 
stages  fully  as  long  as  all  post-glacial  time,  but  if  the  climate 
remained  much  the  same  the  whole  might  well  be  considered 
a  unit.  The  long  interglacial  stages  are,  however,  strongly 
confirmatory  of  all  independent  evidencet  of  climatic  changes, 
and,  though  not  sufficient  to  warrant  a  division  of  the  ice  age, 
they  are  strong  presumptive  evidence  of  climatic  changes. 
It  is  hardly  likely  that  the  climate  would  for  a  long  time 
hover  so  close  to  the  point  of  glaciation  without  reaching  it. 
The  value  of  this  latter  presumption  increases  with  the  length 
of  the  interglacial  periods  and  for  that  reason  certain  results 
obtained  in  the  course  of  the  present  work  may  be  offered. 

In  the  eastern  portion  of  Polk  county  there  are  certain 
streams  which  antedate  the  Wisconsin  ice.  The  latter  cut  off 
their  head  waters,  and  from  its  front  gravel  trains  stretched 

*  Wright:  Ice  Ago  io  North  America,  pp.  45S-466;  Man  and  the  Glacial  Period,  310-342. 
Upham:  Amer.  Naturalist,  vol.  XXIX,  p  236.    181^. 

tLeverett:    Proc.  Boston  8oc.  Nat.  Hist.,  XXIV,  455- 459.    See  also  previous  citations. 
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down  the  old  valleys.  These  gravel  deposits  have  since  been 
cut  through  and  remain  as  terraces  along  the  river.  Their 
age  can  be  definitely  fixed  as  being  that  of  the  maximum 
extension  of  the  Wisconsin  ice.  The  valleys  themselves  are 
earlier  than  the  loess  as  is  shown  by  the  latter  mantling 
their  sides  and  partially  filling  the  bottom  of  the  troughs. 
This  is  not  a  result  of  later  creep  as  was  ascertained  by  care- 
ful study  in  the  field.  The  drift  under  the  loess  is  Kansan 
and  shows  all  its  normal  characteristics.  In  such  a  valley 
one  has  an  opportunity  to  measure  the  amount  of  erosion 
required  to  cut  out  the  larger  valley  in  terms  of  that  required 
to  excavate  the  smaller  channel  cut  since  the  terrace  was 
formed. 

Camp  creek,  south  of  Nobleton  (Tp.  79,  N.,  R.  XXII,  N.,  Sec. 
26)  show  such  relations  in  typical  form.  A  cross  section  of 
the  stream  is  shown  in  figure  55.     With  such  an  outline  it  is 
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clear  that  there  is  some  latitude  with  regard  to  the  interpre- 
tation of  the  past  history  of  the  stream. 

It  may  simply  be  assumed  that  the  valley  before  the  terrace 
was  formed  was  cut  down  to  a  depth  indicated  by  the  present 
slopes  of  the  old  valley  sides,  and  that  before  the  present 
alluvium  was  filled  in  the  recent  valley  had  been  cut  to  a 
depth  indicated  by  the  sides  of  the  recent  valley.  Such  a 
history  is  suggested  by  the  accompanying  sketch.     (Fig.  56.) 

If  now  the  amount  of  loess  filled  in  over  the  upland  betaken 
as  equivalent  in  this  cross-section  to  that  cut  out  of  the  val- 
ley, added  to  the  amount  of  drift  cut  off  the  upland  before 
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the  loess  was  laid  IdowD,  and  extended  observfitions  upon  the 
streams  of  the  region  indicate  that  the  assumption  is  perhaps 
approximately  correct,  the  old  section  a-a-a  may  be  taken  as 
equivalent  to  the  post-Kansan  section.    The  line  a-b-b-a  would 
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represent  the  cross-section  after  the  terrace  was  formed,  and 
a-Or-b-b-a  would  represent  it  when  the  newer  stream  ceased  to 
cut  down  and  began  to  build  up,  while  a-a-b-c-c-a  would  repre- 
sent the  present  cross-section.  The  actual  cross-section  has 
been  carefully  measured  and  is  plotted  in  figure  57. 

The  flpures  given  are  dimensions  in  feet.    The  line  a-b-o-d- 
6-f-<j-h  represents  the  present  cross-section.    Following  out 
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the  history  of  the  stream  just  suggested  let  it  be  assumed 
that  the  post-Kansan  surface  be  a-h.  It  may  have  been 
higher,  as  one  can  not  tell  exactly  how  much  was  cut  from  the 
upland  before  the  loess  was  laid  down  over  it,  nor  what  is  the 
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average  thickness  of  the  latter  on  the  upland.  If,  as  has 
been  suggested,  we  assume  that  the  amount  of  Kansan  eroded 
from  the  upland  before  the  loess,  and  the  amount  of  loess 
eroded  from  the  valleys  before  the  Wisconsin,  together  equals 
the  amount  of  loess  left  on  the  upland,  then  a-b-c-h-j-g-h 
may  be  taken  as  the  post-Kansan  valley  and  its  cross-section 
equals  254,285  square  feet.  Before  the  retreat  of  the  Wis- 
consin ice  the  valley  was  filled  up  to  the  level  c-d-g.  Now  if 
it  be  assumed  that  the  time  occupied  in  this  filling  was  equal 
to  the  time  necessary  for  the  equivalent  erosion,  then  this 
area  51,282  should  be  added  to  the  previous  figures  and  the 
major  erosion  ma}'^  be  taken  at  305,567.  Let  the  secondary 
valley  be  d-i-g^  equal  to  16,442  square  feet.  It  was  filled  up 
to  €-i-f^  equal  to  6,930  square  feet.  Assume  that  the  deposi- 
tion of  the  alluvium  required  the  same  time  as  the  erosion  in 
the  gravel,  and  the  secondary  erosion  equals  23,352.  Under 
these  assumptions  the  older  valley  shows  13.09  times  the 
erosion  of  the  present  valley. 

If  it  be  objected  that  the  gravel  filling  would  take  place 
more  rapidly  than  the  previous  erosion,  though  it  seems  prob- 
able that  the  larger  supply  of  water  from  the  oncoming  ice 
would  increase  the  action  of  the  erosion  enough  to  compen- 
sate any  error  here,  an  allowance  of  a  double  rate  may  be 
made  for  the  deposition.     Then  the  ratio  is  1:11.98. 

It  may  be  objected,  however,  that  the  history  sketched  is 
improbable  in  some  particulars.  The  presence  of  the  loess 
capping  the  east  bank  and  not  running  down  the  slope,  with 
the  greater  steepness  of  the  western  bank  shows  that  the 
pre-loess  shape  of  the  valley  has  been  considerably  altered. 
It  may  also  be  urged  that  the  amount  of  alluvial  filling  is 
unknown.  Ten  feet  only  is  shown  by  the  stream,  and  under 
some  circumstances  no  more  need  be  assumed.  Keeping 
these  objections  in  mind  the  following  estimates  may  be  made. 

Let  the  assumptions  as  to  the  loess  be  the  same  as  before. 
Let  the  original  stream  be  supposed  to  have  begun  its  work 
upon  the  level  plain  (i-h.     Let  it  be  assumed  to  have  cut  to  A, 
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the  loess  was  laid  Idown,  and  extended  observations  upon  the 
streams  of  the  region  indicate  that  the  assumption  is  perhaps 
approximately  correct,  the  old  section  a-d-a  may  be  taken  as 
equivalent  to  the  post-Kansan  section.     The  line  a-b-b-a  would 


FlO.  66. 


represent  the  cross-section  after  the  terrace  was  formed,  and 
a-Or-h-h-a  would  represent  it  when  the  newer  stream  ceased  to 
cut  down  and  began  to  build  up,  while  a-a-h-c-c-a  would  repre- 
sent the  present  cross-section.  The  actual  cross-section  has 
been  carefully  measured  and  is  plotted  in  figure  57. 

The  figures  given  are  dimensions  in  feet.     The  line  a-b-c^- 
e-f-g-h  represents  the  present  cross-section.     Following  out 
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Fig.  57. 


the  history  of  the  stream  just  suggested  let  it  be  assumed 
that  the  post-Kansan  surface  be  a-h.  It  may  have  been 
higher,  as  one  can  not  tell  exactly  how  much  was  cut  from  the 
upland  before  the  loess  was  laid  down  over  it,  nor  what  is  the 
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average  thickness  of  the  latter  on  the  upland.  If,  as  has 
been  suggested,  we  assume  that  the  amount  of  Kansan  eroded 
from  the  upland  before  the  loess,  and  the  amount  of  loess 
eroded  from  the  valleys  before  the  Wisconsin,  together  equals 
the  amount  of  loess  left  on  the  upland,  then  a-b-c-k-j-g-h 
may  be  taken  as  the  post-Kansan  valley  and  its  cross-section 
equals  254,285  square  feet.  Before  the  retreat  of  the  Wis- 
consin ice  the  valley  was  filled  up  to  the  level  c-d-g.  Now  if 
it  be  assumed  that  the  time  occupied  in  this  filling  was  equal 
to  the  time  necessary  for  the  equivalent  erosion,  then  this 
area  51,282  should  be  added  to  the  previous  figures  and  the 
major  erosion  may  be  taken  at  305,567.  Let  the  secondary 
valley  be  d-i-g^  equal  to  16,442  square  feet.  It  was  filled  up 
to  €-4~f^  equal  to  6,930  square  feet.  Assume  that  the  deposi- 
tion of  the  alluvium  required  the  same  time  as  the  erosion  in 
the  gravel,  and  the  secondary  erosion  equals  23,352.  Under 
these  assumptions  the  older  valley  shows  13.09  times  the 
erosion  of  the  present  valley. 

If  it  be  objected  that  the  gravel  filling  would  take  place 
more  rapidly  than  the  previous  erosion,  though  it  seems  prob- 
able that  the  larger  supply  of  water  from  the  oncoming  ice 
would  increase  the  action  of  the  erosion  enough  to  compen- 
sate any  error  here,  an  allowance  of  a  double  rate  may  be 
made  for  the  deposition.     Then  the  ratio  is  1:11.98. 

It  may  be  objected,  however,  that  the  history  sketched  is 
improbable  in  some  particulars.  The  presence  of  the  loess 
capping  the  east  bank  and  not  running  down  the  slope,  with 
the  greater  steepness  of  the  western  bank  shows  that  the 
pre-loess  shape  of  the  valley  has  been  considerably  altered. 
It  may  also  be  urged  that  the  amount  of  alluvial  filling  is 
unknown.  Ten  feet  only  is  shown  by  the  stream,  and  under 
some  circumstances  no  more  need  be  assumed.  Keeping 
these  objections  in  mind  the  following  estimates  may  be  made. 

Let  the  assumptions  as  to  the  loess  be  the  same  as  before. 
Let  the  original  stream  be  supposed  to  have  begun  its  work 
upon  the  level  plain  Or-h.     Let  it  be  assumed  to  have  cut  to  ky 
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leaving  a  nearly  symmetrical  valley  before  the  Wisconsin,  Let 
the  terrace  be  assumed  to  have  filled  the  valley  Or-h-c-h-h  to 
the  present  line  c-d-o.  Let  the  resurrected  stream  have  begun 
its  work  at  the  most  westerly  point  d^  and  have  cut  contin- 
ually against  its  east  bank ;  an  assumption  which  involves  the 
least  time  for  the  work  of  producing  an  asymmetrical  valley. 
Take  the  alluvial  filling  as  equal  to  ten  feet.  Then  take  the 
major  valley  a- 6-<?-ifc-A=  175,316.  The  filling  (deposition 
equalling  erosion)  c->fc-o=33,300,  and  the  total  major  erosion 
=208,616.  The  secondary  valley  6^-/-fir=9,492.  The  allu- 
vial filling  taken  twice  =10, 080,  and  the  minor  erosion=  19,572, 
giving  a  ratio  of  1:15.55.  If  o-g-h  be  added  to  the  recent 
erosion  the  figures  become  33,590  and  208,616,  and  the  ratio  is 
1:6.21. 

By  varying  the  assumptions,  ratios  as  high  as  1:18  may  be 
obtained,  the  whole  series  calculated  being  1:6.21,  1:11.98, 
1:13.09,  1:15.55,  1:17.43,  1:18.60.  It  is  believed  that  the  truth 
in  this  case  lies  between  1:10  and  1:15,  and  nearer  the  latter 
than  the  foriner  figures.  This  is  less  than  the  writer  would 
have  given  as  a  result  of  general  field  impressions. 

While,  as  has  been  suggested,  these  are  essentially  calcula- 
tions of  relative  erosion  and  the  actual  time  ratio  may  have 
been  widely  different,  it  is  believed  that  with  the  allowances 
made  for  the  building  up  of  the  terraces  as  well  as  their 
destruction,  the  estimates  may  be  taken  as  fairly  accurate 
guides  to  the  time  relations.  Whatever  errors  there  are  on 
one  side  are  probably  counterbalanced  by  similar  errors  on 
the  opposite.  For  example,  if  it  be  suggested  that  the  stream 
which  cut  the  later  gorge  did  not  work  so  rapidly  as  the  one 
which  excavated  the  earlier  valley,  since  it  was  a  smaller 
stream  after  the  ice  had  cut  off  its  head- waters,  it  mav  be 
urged  that  when  the  antecedent  stream  began  its  work  upon 
the  Kansan  drift  plain  it  was  probably  as  puny  as  the  stream 
now  working.  The  first  stages  of  valley  erosion  are  accom- 
plished by  small  forces,  and  if  there  be  any  difference  it  is 
possible  that  the  resurrected  stream  had  more  water  in  its 


TIME  RATIOS.  475 

earlier  stages  than  its  antecedent  since  it  received  water 
from  the  melting  glacier,  while  the  older  stream  probably 
excavated  this  portion,  at  least,  of  its  valley  by  simple  head- 
water erosion. 

The  whole  of  the  evidence  derived  from  comparative  erosion 
indicates  that  the  time  since  the  Kansan,  as  compared  with  the 
Wisconsin  of  this  region,  was  long;  at  least  ten  and  probably 
fifteen  or  more  times.  It  points  unmistakably  to  the  conclu- 
sion that  the  two  drift  sheets  were  widely  separated  in  time, 
and  in  connection  with  other  evidence  of  less  specific  charac- 
ter, warrants  their  separation  theoretically,  as  they  must  be 
separated  practically  in  any  detailed  mapping. 

With  regard  to  the  broader  question  of  the  total  time  con- 
sumed in  the  Pleistocene,  it  should  be  remembered  that  the 
ratio  here  derived  is  between  the  retreat  of  the  Wisconsin  from 
this  region  and  the  beginning  of  erosion  after  the  retreat 
of  the  Kansan.  In  using  the  ratio  it  must  be  kept  in  mind 
that  Des  Moines  stands  at  the  extreme  southern  limit  of  the 
Wisconsin  ice  west  of  the  Mississippi.  The  estimates  of  the 
length  of  post-glacial  time  most  commonly  quoted  all  date 
from  much  later  events  than  the  retreat  of  the  ice  from  this 
region. 

Three  of  the  estimates  which  seem  most  reliable  and  most 
widely  accepted,  those  of  Gilbert,*  Andrewsf  and  Winchelli 
are  based  respectively  upon  the  life  of  Niagara  Falls,  the  rate 
of  wave  cutting  and  sand  filling  on  Lake  Michigan,  and  the 
life  of  the  Falls  of  St.  Anthony.  The  results  arrived  at  respec- 
tively give  7,000,  10,000  and  7,800  years  as  length  of  post-gla- 
cial time  at  three  points  if  the  observed  present  rate  has 
remained  constant  in  the  past,  which  is  not  true  in  the  case 
of  Niagara  at  least.  §  The  birth  of  Niagara  and  St.  Anthony 
Falls  and  the  beginning  of  wave  work  on  Lake  Michigan  are 

•Proc  A.  A..  A.  8..  XXXV,  1H86,  222,  223;  Sixteenth  Ann.  Bept ,  Oom.  State  Res.  Niagara, 
Smithsonian  Report,  1890,  pp.  231-267. 

t  Am.  Jour.  Scl.,  XO VIII,  p.  172     1864. 

tGeol.  Nat.  Bist.  Surv.,  Minnesota,  Fifth  Ann.  Rept.  1870,  pp.  75-189;  Final  Rept.,  vol.  II, 
1888,  pp  313-341;  Quart.  Jour.  Geol.  Soc.,  XXXIV,  886-901.    1878. 

I  Gilbert:  Natnre,  vol.  L,  p.  63.  Spencer:  Amer.  Jour.  Scl.,  (3).  XLVII,  155-472;  Appleton's 
Pop.  Scl.  Mon.,  XLIX,  1  20. 
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veiy  recent  events  and  if  the  figures  obtained  in  these  eases 
be  applied  to  the  region  under  discussion  an  unknown  quan- 
tity must  be  added  for  the  length  of  time  during  the  retreat 
of  the  ice  from  Des  Moines.  For  calculating  the  total  length 
of  the  glacial  period  more  must  be  added  for  the  length  of 
Kansan  and  pre-Kansan  time  so  that  for  the  final  result  cer- 
tain portions  of  the  data  are  not  yet  known.  Stated  as  a 
formula  the  present  state  of  knowledge  is 

Pleistocene  time  =  .r  +  10  to  15  (y  +  7,800) 
in  which  .r  =  the  length  of  pre-Kansan  and  Kansan  time,  and 
y=  the  length  of  time  occupied  in  the  retreat  of  the  ice  from 
Des  Moines,  the  multiple  10  to  15  is  from  the  calculations 
here  given  and  7,800  is  Winchell's  estimate  of  the  life  of  St, 
Anthony's  Falls.  It  will  probablj^  be  possible  to  get  an 
approximate  value  of  y,  but  the  value  of  x  seems  not  so  easy 
to  estimate. 
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Records,  324. 
Keosauqua  well.  320. 
Kerrick  mine,  50. 
Kertz  Brewery  well,  323. 
Kettle  moraine,  435. 
Keyes,  G.  R.,  326. 
Keyes  knob,  74. 
Kimball  House  well,  272,  405. 
Kinderhook,  149,  204. 
Knowlton,  W.  H.,  208. 

Lacustrine  artesian  basins,  134. 
Lamb  &  Son  well,  241. 

Cost  of,  241. 
Langworthy  crcTice,  15. 
Lansing,  20. 

Lead  mine,  26.  28,  41,  55. 
Mining  6c  Smelting  Go.,  53.  65. 
Well,  200. 

Record,  200. 
Lateral  secretion  theory,  62. 
Laurium,  13. 
Lead  and  zinc,  chief  sources,  13. 

Deposits  of  Iowa,  13. 
Geological  distribution, 

24. 
Mode  of  occurrence,  23. 
Ores  of,  25. 
Original  source,  58. 
Leech,  Dr.,  395. 
Legislation,  first  in  Iowa,  16. 
LehnoLan,  O.,  86. 
Le  Mars  well,  232. 

Record,  232. 
Algonkian  at,  140. 
Leonard,  A.  G.,  9,  300,  434. 
Le  Sueur,  14. 
Leyel  range,  48. 


Leverett,  P.,  321,  464,  467. 
Levy,  A.,  87. 
Lewis,  G.,  467. 
Lewis,  St.  Glair,  304. 
Limonite,  29. 
Linares  lead  deposits,  13. 
Lincoln,  Nebraska,  boring  at,  330. 
Lindin*s  spar  cave,  31. 
Lingula  quadratay  23. 
Linwood  Cemetery  wells,  208. 
List  of  mining  companies,  65. 
Little  Maquoketa,  £2. 
Localization  of  the  deposits,  68. 
Loess,  age  of,  461. 

Relation  of,  to  Wisconsin  drift, 
414. 
London  artesian  basin,  135. 
Lonsdale,  E.  H.,  332. 
Lorimer  House  well,  208. 
Lorimer,  Peter,  17. 
Lovell,  G.  W.,  265. 
Lower  Oneota,  142. 
Luzerne  well,  analysis,  370. 

MacMurray,  L.  A.,  220. 
Magee,  D.  A.,  224. 
MagLcsian  series,  270,  302 
.Magnesic  waters,  387. 
Magnetite,  97. 
Malting  Go.  well,  208,  406. 

Analysis,  209. 
Malt  &  Grain  Go.  well,  272. 
Manchester  well,  214. 

Analysis.  215. 

Cost  of,  413. 

Record,  217. 
Maquoketa,  IP,  23,  147, 182, 205, 239, 270, 

301. 
Marcasite,  28. 
Marshall  county,  433. 
Marshalltewn,  Kinderhook  at,  149. 

Silurian  at,  238. 
Well,  249 
Record,  249 
Market  of  the  ores,  66. 
Mason  City  wells,  193,  406,  411. 

Analysis,  194 

Record,  194. 
Mason  House  well,  293. 
Mathews,  E.  B.,  112. 
Maximum  discharge,  methods  of  ob- 
taining, 410. 
McBride,  W.  S.,  249. 
McCoy,  B.,  308. 

McGee,  W  J,  142,  436,  446,  459, 467. 
McGowan  creyice,  48. 
McGregor,  21. 
McGregor-Fairview  section,  177. 

Artesian  supply,  184. 
McGregor  Well  No.  2,  405. 

Wells,  185,  381,  406,  407. 

Analysis,  187. 

Record,  187 
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MoNulty  mine,  18! 

Medloinal  properties  of  artesian  water, 

386. 
Merrill,  6.  P.,  35. 
Metal-bearing  solutions,  62. 
Meteorio  water,  153. 
Methods  of  working  the  mines,  65. 
Meyer,  J.,  292. 
Miers,  D,  257. 
Miller,  W.  A.,  397. 
Mineral  oreek,  56. 

Point,  Wis.,  66. 
Ridge,  436. 
Water  Ck>.  well,  293. 
Minzes,  G.,  210. 

Mississippian,  149, 183, 237,  333. 
Missouri,  14. 

Lead  and  zinc  deposits,  24. 
Ore  deposits,  59. 
Mitchell   &    Lynde's    Building    well, 

record  of,  279. 
Mode  of  occurrence,  lead  and  zinc,  23. 

Iowa  ores,  36. 
Modena,  flowing  wells  at,  123. 
Moershel,  Wm..  283. 
Moffit,  J.,  261. 

Mollne  Paper  Ck).  well,  record  of,  279. 
Monoclinal  artesian  area,  136. 

Fields,  135. 
Monona  well,  188,  406. 

Analysis,  188. 
Montana,  14. 
Monticello,  water,  375 

Well,  265,  406. 

Analysis,  266. 
Record,  266. 
Morrell&  Ck).  well.  317. 
Morrison,  B.  S.,  287. 
Mortality  from  impure  water,  415. 
Mounds,  19. 
Mount  Clara  well,  322. 

Record,  322. 
Mount  Pleasant  well,  320. 

Analysis,  320. 
Record,  320. 
M.  R.  Springs,  Colfax,  381,  385,  407. 

Analysis,  293. 
Mount  Vernon,  Silurian  at,  238. 

Nassau,  13 
Newell,  P.  H.,  422. 
New  Galena  mines,  57. 
New  Hampton  well,  192. 

Record,  192. 
New  Mexico,  14. 
New  Richmond  sandstone,  142. 
New  South  Wales,  14. 
Newton  well,  292. 
Nevada,  14. 

Well,  250,  385,  407. 
Analysis,  250. 
Record,  251. 
New  Jersey,  14. 


Niagara,  19,  23,  182. 
Falls,  475. 
Nichols,  W.  K.,  398. 
Nicolett,  J.  N.,434. 
Niobrara,  74. 
Nobleton,  471. 
Norris,  H.  W.,  287. 
Norton,  W.  H.,  115. 

Oake,  W.  R.,259. 
Oak  Park,  447. 
Ocher,  29. 

Oelwein,  drift  at,  466. 
Ogden  well,  255. 
Ogston,  Dr.  Francis,  396. 
Oliyine,  93. 

Alteration  products,  94. 
Diabase,  82. 
O.  M.  C.  Spring,  Colfax,  381, 385. 

Analysis,  293 
Oneota,  181,  206. 

Limestone,  20. 

Lead  in,  42,  54,  56. 
Ore  bodies,  42. 

Localization  of,  68. 
Ore  deposits,  origin,  57. 

Upper  Mississippi  region, 
24. 
Ores  of  lead  and  zinc,  25. 
Original  source  of  the  lead  and  zinc,  58. 
Origin  of  ore  deposits,  57. 
Osceola  well,  339. 
Oskaloosa  well,  308 

Record,  309. 
Ottumwa  wells,  317,  380,  406. 

Analysis,  318. 
Artesian  Well  Co.  well,  317. 
Morrell  &  Co.  well,  319. 

Record,  319. 
Output  of  Iowa  mines,  66. 
Over  wash  plains,  442. 
Owen,  D.  D.,  16,  434. 
Oxygen,  358. 

Packing  &  Provision  Co  well,  208. 

Palisades,  72,  102. 

Panora,  441,  443. 

Paper  Co.  well,  241. 

Parker,  E.  A.  D.,  224. 

Parkes,  Dr.  E.  A  ,  394,  396. 

Parkes,  Dr.  L.  C,  394. 

Patrick.  G.  E.,  52. 

Pease,  I.  L.,  257. 

Pella  well,  310. 

Record,  311. 
Percolatioo  increased  by  pressure,  166. 
Permeable  stratum,  165. 
Phllbrook,  B.  P.,  257. 
Phole  Air  Lift,  194,  411. 
Phreatic  water,  154. 
Pictured  Rocks,  21. 
Polk  City  gravel  pits,  444. 
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Polk  county,  433. 

Ck>urt  House  well,  299,380,  381. 

Analysis,  299. 
Poeepny,  P.,  62. 

Post-glacial  time,  leng^th  of,  475. 
Postville  well,  188. 

Ck>st  of,  413. 

Record,  189. 
Potsdam,  140. 
Powell,  J.  W.,408. 
Prairie  du  Chlen  well,  record  of,  187. 
Prices  for  drilling,  412. 
Public  supply,  artesian  waters  as,  407. 
Pumpelly,  R.,  84, 
Purity  of  artesian  supply,  413. 
Pyrlte,  28. 

Quart zlte,  75. 

Age,  111. 

Origin,  109. 

Petrographlc    description, 

101. 
Thickness  of,  78. 

Rainfall,  155. 

Ratio  of,  to  stream  flow,  156. 
Ratcliffe,  J.  G.,  202. 
ReceptacuUtcs  owcdi,  23. 
Records  of  the  wells,  174. 

Aokley,  219. 

Algona,  196. 

Amana,  287. 

Anamosa,  263. 

Atlantic,  336. 

Belle  Plalne,  350. 

Boone,  253. 

Calmar,  191. 

Cherokee,  232. 

Clinton,  245. 

Davenport,  277. 

Des  Moines,  2v5. 

Dubuque,  211. 

Dunlap,  257. 

Emmetsburg,  197. 

Fort  Madison,  322. 

Glenwood,  343. 

Grlnnell,  289. 

Holstein,  223. 

Homestead,  284. 

Jefferson,  256. 

Keokuk,  324. 

Lansing,  200. 

Le  Mars,  232 

Manchester,  217. 

Marshall,  249. 

Mason  City,  194. 

McGregor,  187. 

Molioe,  279. 

Monticello,  266. 

Mount  Clara,  322. 

Mount  Pleasant,  320. 

Nevada,  251. 

New  Hampton,  192. 


Oskaloosa,  309. 

Ottumwa,  319. 

Pella,  311. 

PoetvUle,  189. 

Prairie  du  Chlen,  187. 

Hedfield,  300. 

Rock  Island,  279. 

Sabula,  260. 

Sanborn,  198. 

Slgourney,  306. 

Siouz  City,  226. 

Tipton,  262. 

Vinton,  267. 

Washington,  305. 

Webster  City,  221. 

West  Bend,  231. 

West  Libertv,  282. 
Redfield  well,  300. 

Record,  300. 
Relations  of  the  Wisconsin  and  Kansan 

Drift  Sheets  in  central  Iowa,  429. 
Replacement  theory,  63. 
Reservoir  sandstones,  amount  of  water 
In,  163 

Dip,  164. 
Thickness,  163. 
Resurrected  rivers,  450. 
Ricker,  O.  R,  265. 
River  changes,  458. 
River  waters,  analysis  of,  365. 
Robinson,  J.  R. ,  321. 
Rockwood.  £.  W.,  210. 
Rosenbusch,  H.,  87. 
Russell,  B.  P.,  331. 
Russell,  I  C  ,  467. 
Russia,  14. 
Rutile,  103. 

Sabula  water,  375. 

Well,  259,  406. 

Analysis,  259. 
Record,  260. 
Sacs  and  Foxes,  15, 16. 
Saint  Croix,  20,  140,  180. 

Outcrop  of,  152. 
Saint  Lawrence,  141,  206. 
Saint  Peter,  21,  144, 181,  206,  301. 

Outcrop  of,  151. 
Saline  waters,  378,  389. 
Salisbury,  R.  D.,  434,  444,  467. 
Salt  Lake  Valley,  134. 
Samples,  care  of,  420. 
Sanborn  well,  198,  407. 

Analysis,  198. 
Record,  198. 
Sandstones  as  reservoirs,  163. 
Sanitary  analysis,  Dubuque — 

Bank  &  Insurance  Building   Co. 

well,  210. 
Washington  well,  304. 
Santander,  13. 
San  Louis  Valley,  134. 
Sardeson^  F.  W. ,  143. 
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3ardinia,  14. 

Satin  fipar,  29,  31. 

'Saxony,  13. 

Saylorvllle  well,  300. 

Saylor,  well  sectiooB  near,  447. 

Scale-forming  minerals,  400. 

Schleferspatn,  31. 

Schmidt  Brewery  well,  208,  272. 

Record,  212. 
Schmidt  Building  well,  272. 
School  for  the  Deaf  well,  340. 

Analysis,  340. 
Schuster,  Max,  84. 
Selenite,  3d. 

Selenitic  waters,  380,  389. 
Shallow  wells,  analysis  of,  367. 
Sherrill  mound,  19. 
Sigourney  well,  305 

Record,  306. 
Silurian,  147,  205,  238,  269,  301. 

bea,  58. 
Silver,  26. 

Simpson  furnace.  17. 
Sinsinawa  mound,  19. 
Sioux  City  weU,  224,  372,  381,  407. 

Algonkian  in,  140. 
Analysis,  225. 
Record,  226. 
Falls,  74 
Quartzite,'areaof,  71. 

And    certain    related 

rocks,  69. 
Erosion  in,  73. 
Slate,  origin  of,  109. 

Petrographic  description,  105. 
Slates,  77. 

Smelting,  early  methods,  17. 
Smith,  E.  B.,360. 
Smithsonite,  26. 
Sodic  alkaline  waters,  377,  388. 

Magnesic  sulphated  waters,  383. 
Sulphated  waters,  384. 
Soper,  E.  B  ,  196. 

Southeasternlowa,  artesian  conditions, 

303. 
Wells  of,  315. 
Southwestern    Iowa,    artesian    condi- 
tions, 334. 
Wells  of,  328. 
Southe,  C.  B.,  246. 
Spain,  13. 
Spar  caves,  30. 
Specht's  ferry,  22. 
Special  description  of  the  mines,  43. 
Sphalerite,  27. 
Spotted  slates,  107. 
Statistics,  65. 
Stalactites,  32. 

Formation  of,  35. 
Stanley,  Orin,  193. 
Steam  Heating  Co.  well,  208,  406. 

Analysis.  209. 
Record,  211. 
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Stevenson,  Dr.  Thomas,  397. 
Storm  water,  153. 
Story  county,  433,  436. 
Stream  water,  153. 
Subterranean  crevices,  167. 
Sulphated  water,  381,  389. 
Sutherland,  Dr.  John,  395. 
Swan,  W.  E.,  191,  197. 
Swanson,  8.,  192. 
Sweden,  14. 

Syncline,  Mississlppian,  317. 
SyncliniJ  basins,  135. 

Table  mound,  19. 
Terraces,  gravel,  442. 
Therapeutics  of  artesian  waters,  386. 
Thermal  waters,  372. 
Thickness  of  coal  measures,  329. 

Formations,  methods   of 
determining,  329. 
Thomas,  B.  F.,  200. 
Thomas,  C.  P. ,  230. 
Tiffany,  A.  S.,  272. 
Timber  range,  37,  45. 
Time  ratios,  467. 
Tipton  well,  261. 

Record,  262. 
Todd,  J.  E.,79,  111,  227. 
Topography  of  Sioux  quartzite,  72. 
Toronto  stage,  466. 
Torrey,  C.  O.,  214. 
Treganza,  J.  A.,  195. 
Treichler,  W.  H.,261. 
Trenton,  270',  301. 

Limestone,  19,  21. 
Trewln,  J.  H.,  56. 

Tri-Clty  Packing  &  Prov.  Co.  well,  272. 
Trueb,  Southwell  &  Co.  mine,  49,  66. 
Tschermak,  Gustav,  32. 
Tyler,  L.  G.,  257. 
Typhoid  fever,  mortality  from,  415. 

Ddden,  J.  A.,  272. 
Upham,  W.,437,  467. 
Upper  Carboniferous,  150. 

Mississippi  lead  and  zinc  region 
18. 

Oneota,  142. 

SUesia,  13. 
Utah,  14. 

Van  Hise,  C.  R.,  81,  107. 112. 
VanHyning,  T.,  294. 
Vertical  crevice,  55. 

Sheet,  40. 
VieiUe  Montague,  13. 
Vinton  well,  266,  406. 

Analysis,  267. 

Record.  267. 
Volcanic  water,  154. 

Waite,  E.  G.,  265. 
Wakefield,  G.  W..  224. 
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Walker,  G.  M.,  322. 
Walker,  C.  W.,  185. 
Washington-DeB  Moines  section,  300. 
Washington  well,  304,  381,  406. 

Analysis,  304. 
Record,  305. 
Sanitary  analy8is,304. 
Water  analysis,  353. 

Bearing  stratum,  159. 
Horizons  at  Clinton,  242. 
Of  imbibation,  161. 
Of  percolation,  161. 
Of  saturation,  160. 
Waters'  lead  furnace,  16. 
Waters,  W.  G,  66. 
Watson,  W. ,  208. 
Waukesha  springs,  375. 
Waukon  well,  202. 
Way,  J.T.,  395. 

Webster  City  well,  220,  381,  407. 

Analysis.  220. 
Record,  221. 
Weems,  J.  B.,  122.  357. 
Wellat  Ackley,  219. 

Algona,  196. 

Amana,  286. 

Ames,  252. 

Anamosa,  262. 

Atlantic,  336. 

Belle  Plaine,  350. 

Boone,  252. 

Britt,  195. 

Calmar,  191. 

Cedar  Rapids,  246. 

Centerville,  226. 

Cherokee,  232. 

Clarinda,  339 

Clinton,  241. 

Colfax,  293. 

Council  Bluffs,  340. 

Cresco,  201. 

Davenport,  272. 

Des  Moines,  294. 

Dubuque.  208. 

Dunlap,  257. 

Emmetsburg,  196. 

Farmington,  320. 

Fort  Madison,  321. 

Glen  wood,  340. 

Grinnell,  287. 

Harper's  Ferry,  201. 

Holstein,  222. 

Homestead,  283. 

Hull,  199. 

Jefferson,  255. 

Keosauqua,  320. 

Keokuk,  322. 

LaDsing,  200. 

Le  Mars,  232. 

Manchester,  214. 

Marshall,  249. 

Mason  City,  193. 

McGregor,  185. 


Moline,  279. 
Monona,  188. 
Montlcello,  265. 
Mount  Clara,  322. 
Mount  Pleasant,  320. 
Nevada,  250. 
New  Hampton,  192. 
NewtOD,  292. 
Ogden,  255. 
Osceola,  339. 
Oskaloosa,  308. 
Ottumwa,  317. 
Fella,  310. 
PostviUe,  188. 
Prairie  du  Chien,  187. 
Redfield,  300. 
Hock  Island,  279. 
Sabula,  259. 
Sanborn,  198. 
Saylorville,  300. 
Sigourney, 305 
Sioux  City,  224. 
Tipton,  261. 
Vinton,  266. 
Washiagton,  304. 
Waukon.  202. 
Webster  City,  220. 
West  Bend,  230. 
West  Liberty,  281. 
Wilton,  280. 
Wells,  shallow,  analysis  of,  368. 
Of  southeastern  Iowa,  315. 
Of  southwestern  Iowa,  328. 
West  Bend  well,  230,  407. 
Analysis,  230. 
Record,  231. 
Water,  375. 
West  Liberty  well,  281,  378,  405,  406. 

Analysis,  281. 
Record,  282. 
Westphalia,  13. 
Wharton  crevice,  49. 
White,  C.  A..  111.  434,  436. 
Whitney,  J.  D.,  59. 
Williams,  E.  H.,  467. 
Williams  G.  H.,  87,  112. 
Wilton  well,  280,  380,  406. 

Analysis,  280. 
Winohell,  N.  H.,  197,  469. 
Winslow,  Arthur,  13,  59. 
Wisconsin,  14. 

Drift,  border  of,  440. 

Characteristics,  438. 
Early  work.  436. 
Relation  to  loess,  444. 
Topography,  437. 
Stage,  465. 
Witts  Bottling  works  well,  272, 378, 381, 

385,406. 
Analysis,  274. 
Woodard,  C.  R,  233. 
Woolen  Mills  well,  272. 
Wright,  A.  A.,  467. 
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Wright,  G.  F.,  467. 

Yale  444. 

Y.  M.  C.  A.  well,  Cedar.Rapids,  246. 

Analysis,  248. 

Cost  of,  412. 


Yorao,  M.  J.,  214. 

ZIdc,  first  in  market,  18. 
Zircon,  103. 
Zlrkel,  P.,  93. 


r> 


}. 


i 


I 

r-. 

I 


►  - 


r. 


ilHlllllllllllll 

3  bios  013  S3S  blH 


